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Abstract 


The fishes of this family Callionymidae are classified into 19 genera. The twelve genera are 
redifined and the other seven genera are established as new. A key to the genera is given. The habitat 
and geographic distribution of each genus are shown. The external characters, especially cephalic 
lateral lines, lateral lines on the body, body size, body form, body color, eye diameter and secondary 
sexual characters, are discussed in relation to the systematics of this family. 


Introduction 


Since Linnaeus (1758) first established the genus Callionymus, the classification 
of this family has been revised several times. Gill (1860) was the first to divide 
Callionymus into three genera, Callionymus, Synchiropus and Dactylopus. “The Calliony- 
midae was then studied by Bleeker (1879), Jordan and Fowler (1903), McCulloch 
(1926), Ninni (1934), Fowler (1914), Schultz and Woods (1948), de Beaufort (1951), 
Ochiai et al. (1955), Schultz (1960), Smith (1963), Mees (1963), Davis (1966), 
Johnson (1971), Fricke (1980) and Fricke (1981c). Because the callionymids show 
remarkable sexual dimorphism, the identification of the specimens belonging to this 
family has constrained much difficulty. Thus, taxonomic studies on the Calliony- 
midae remain insufficient; the genera have not been defined adequately, probably 
because most investigators did not observe the internal characters of the specimens, 
and most fishes studied were taken only from their local waters. 

In the present study, the confused classification of the Callionymidae is ex- 
amined and its genera are reviewed on the basis of specimens from almost all 
part of the world. The habitat and geographic distribution of each genus are also 
described. The congeneric species are found to occupy roughly the similar kind of 
habitat, which supports the generic status ecologically. The geographic distribution 
of each genus tells us one of the aspects in the evolutionary history. ` Osteologically, 
each of the genera retained in this study is also distinguished from others (Nakabo, 
unpublished). 

I here propose a new classification for the Callionymidae, which includes 19 
genera encompassing 7 new ones, and 139 valid species (Table 1). I could not 
classify the following 8 species because of insufficient information about them: 
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Callionymus orientalis Bloch and Schneider (1801), Callionymus achates De Vis (1883), 
Callionymus caeruleonotatus Gilbert (1905), Callionymus inversicoloratus Seale (1909), 
Synchiropus zamboangana Seale (1909), Callionymus wilburi Here (1935), Callionymus 
mortenseni Suwardji (1965) and Callionymus sausai Maul (1972). Therefore, I have 
excluded them from the present list. 


Materials and Methods 


The specimens used for making the generic revision of the Callionymidae are 
shown in Table 1. These specimens have been preserved in 10 % formalin, 70 % 
ethyl alcohol or 40 % isopropyl alcohol and are deposited at the following institu- 
tions: Australian Museum, Sydney; Academy of Natural Sciences of Philadelphia; 
British Museum (Natural History), London; California Academy of Sciences, San 
Francisco; Department of Biology, Faculty of Sciences, Kochi University; Depart- 
ment of Biology, University of the Ryukyus; Department of Fisheries, Faculty of 
Agriculture, Kyoto University; Department of Zoology, University Museum, Uni- 
versity of Tokyo; Fisheries Research Station, Kyoto University; Far Seas Fisheries 
Research Laboratory; Laboratory of Marine Zoology, Faculty of Fisheries, Hokkaido 
University; Marine Science Museum, Tokai University; Museum of Tokyo Uni- 
versity of Fisheries; Miyazaki University; Naturhistorisches Museum Wien; Depart- 
ment of Zoology, Natural Science Museum, Tokyo; Queensland Museum, Brisbane; 
J.L.B. Smith Institute of Ichthyology, Rhodes University, Grahamstown; Sammlung 


Fig. 1. Diagrammatic illustration showing the measuring methods of the portions of cal- 
lionymid body. 1, total length; 2, standard length; 3, body width; 4, body depth; 
5, caudal peduncle depth; 6, predorsal length; 7, caudal fin length; 8, head length; 
9, eye diameter; 10, snout length; 11, upper jaw length; 12, interorbital width; 
13, lst dorsal spine length; 14, 2nd dorsal spine length; 15, 3rd dorsal spine length; 
16, 4th dorsal spine length; 17, Ist dorsal ray length; 18, last dorsal ray length; 
19, Ist anal ray length; 20, last anal ray length; 21, pectoral fin length; 22, pelvic 
fin length; 23, preopercular spine length; 24, anal papilla length 


Genera of Dragonets 79 


Table 1. Callionymid genera and species arranged in conformity with the new scheme, and 
specimens examined during the revision of the genera. 


Standard 
Genera and species Number of length 
specimens (mm) 


Callionymus Linnaeus, 1758 
C. lyra Linnaeus, 1758 1 124.6-178.5 
C. pusillus Delaroche, 1809 6 28.8- 80.4 
C. maculatus Rafinesque, 1810 4 78.2-101.5 
3 
5 


— 


C. risso LeSueur, 1814 39.9- 47.4 
C. reticulatus Valenciennes, 1837 31.6- 60.6 
Bathycallionymus n. g. 


B. katanus (Günther, 1880) 91 67.2-146.3 
*B. carebares (Alcock, 1890) 

B. sokonumeri (Kamohara, 1936) 21 53.0-140.1 

B. moretonensis (Johnson, 1971) 11 74.7-148.0 


“B. kotthausi (Kotthaus, 1977) 
“B. africanus (Kotthaus, 1977) 
B. regani (Nakabo, 1979) 11 114.5-157.5 
B. formosanus (Fricke, 1981) 16 96.6-171.4 
“B. whiteheadi (Fricke, 1981) 
“B. guentheri (Fricke, 1981) 
“B, altipinnis (Fricke, 1981) 
Foetorepus Whitley, 1931 
F. calauropomus (Richardson, 1844) 


no 


111.0-131.8 


F. altivelis (Temminck and Schlegel, 1845) 55 55.2-185.7 
F. phaeton (Gunther, 1861) 3 86.0-121.0 
F. phasis (Gtinther, 1880) l 47.4 
F. agassizi (Goode and Bean, 1888) 1 62.1 
F. atrilabiatus (Garman, 1899) 1 27.4 


“F. apricus (McCulloch, 1926) 


F. monacanthus (Smith, 1936) 1 101.2 
*F. bicornis (Norman, 1939) 
*F. grinnelli (Fowler, 1941) 
F. delandi (Fowler, 1943) 10 92.9-156.8 
F. sp. 1 (from the Emperor Seamounts) 1 105.5 
F. sp. 2 (Callionymus phasis of McCann, 1972) 1 ` 90.7 
F. sp. 3 (from the western Atlantic) 3 41.6- 58.0 
F. sp. 4 (Callionymus corallinus of Kamohara, 1951) 2 115.4-142.3 
Eocallionymus 
E. papilio (Gunther, 1864) 8 26.0- 68.7 
Paracallionymts Barnard, 1927 
P. costatus (Boulenger, 1898) 2 38.0- 46.1 
“P. fowleri Poll, 1949 
Neosynchiropus n. g. 
N. ocellatus (Pallas, 1770) 46 9.6- 78.7 
*N. marmoratus (Peters, 1855) 
N. rubrovinctus (Gilbert, 1905) l 18.0 
“N. sechellensis (Regan, 1908) 
N. ijimai (Jordan and Thompson, 1914) 9 48.0- 77.3 
N. morrisoni (Schultz, 1960) 2 30.8- 43.2 


*, Species not observed. 
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Table 1. Continued. 


t Number of Standard 
. Genera om species specimens Gn 
“N. bartelsi (Fricke, 1981) 
“N. sp. (Synchiropus altivelis of Norman, 1939) 
Pterosynchiropus n. g. 
P. picturatus (Peters, 1876) 4 ` 46.0- 52.9 
` P. splendidus (Herre, 1927) - 3 ` 33.6- 40.4 
Minysynchiropus n. g. : 
M. laddi (Schultz, 1960) 9 15.2- 23.8 
Paradiplogrammus n. g. 
`P. enneactis (Bleeker, 1879) 12 23.2- 46.9 
P. bairdi (Jordan, 1887) 13 ` 41.0- 53.8 
P. calliste (Jordan and Fowler, 1903) 65 ` 17.9- 66.8 
` P. corallinus (Gilbert, 1905) 1 30.0 
“P. normani (Regan, 1908) 
XP. stigmatopareius (Fricke, 1981) A 
P. sp. (from Australia) 5 14.9- 22.3 
Diplogrammus Gill, 1865 ' 
D. goramensis (Bleeker, 1858) 2 44.0- 45.1 
D. pauciradiatus (Gill, 1865) 4 ` 26.8- 38.0 
“D. cooki (Günther, 1871) -o 
D. xenicus ( Jordan and Thompson, 1914) 21 `15.2- 79.7 
` D. dubiosus (Parr, 1930) 11 11.8- 21.4 
*D. inflatus Smith, 1963 ; 
*D. gruveli Smith, 1963 
“D, pygmaeus Fricke, 1981 
Synchiropus Gill, 1860 
*S. lineolatus (Valenciennes, 1837) 
“S. lateralis (Richardson, 1844) 
S. orizatus Fowler, 1931 1 70.4 
Orbonymus Whitley, 1947 f 
O. rameus (McCulloch, 1926) 3 123.9-131.8 
Dactylopus Gill, 1860 ai i 
D. dactylopus (Valenciennes, 1837) 2 80.2- 94.5 
Calliurichthys Jordan and Fowler, 1903) . 
`G. japonicus (Houttuyn, 1872) 35 53.4-219.2 
`“C, decoratus Gilbert, 1905 : i 
*C. percicus (Regan, 1905) R 
`C. margaretae (Regan, 1905) 21 ` 41.7- 81.6 
C. maldivensis (Regan, 1908) 2 60.6- 95.6 
` *C., affinis (Regan, 1908) 
C. gardineri (Regan, 1908) 2 114,1~-137.9 
“C. neptunius Seale, 1909 l 
C. grossi (Ogilby, 1910) 2 82.2-112.7 
“C. astrinius Jordan and Jordan, 1922 
“C. zanectes Jordan and Jordan, 1922 
C. scaber McClloch, 1926 1 ? 
1 ` 28.4 


C. scabriceps (Fowler, 1941) 
` “C. linea-thorax Fowler, 1943 
“CG, luridus Fricke, 1981 
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Table 1. Continued. 


; Standard 
Genera and species pk ky ay 


*C. sp. (Callionymus japonicus of Smith, 1963) 
Pseudocalliurichthys n. g. 
*P, simplicicornis (Valenciennes, 1837) 
P. variegatus (Temrminck and Schlegel, 1845) 10 20.8-107.8 
P. xanthosemeion (Fowler, 1925) 39.0- 49.7 
*P. boleogenis (Fowler, 1941) 
P. goodladi (Whitley, 1944) 7 108.9-126.3 
*P, delicatulus (Smith, 1963) 
“P. tenuis (Fricke, 1981) 
Repomucenus Whitely, 1931 
R. sagitta (Pallas, 1770) 1 ` 89.0 
*R, serrato-spinosus (Gray, 1835) 
*R. curvicornis (Valenciennes, 1837) 


n 


R. filamentosus (Valenciennes, 1837) 12 a 27.5-114.2 
R. belcheri (Richardson, 1844) 35 67.7-100.3 
*R. hindsii (Richardson, 1844) 

R. valenciennet (Temminck and Schlegel, 1845) 27 64.0-108.7 
R. lunatus (Temminck and Schlegel, 1845) 46 43.6-156.3 
“R, melanotopterus (Bleeker, 1851) 

R. schaapii (Bleeker, 1852) 4 42.5- 63.0 

R. richardsonii (Bleeker, 1854) 61 59.9-174.3 

R. huguenini (Bleeker, 1859) 45 52.0-184.0 

R. olidus (Gunther, 1873) 2 33.5- 36.8 
*R, fluviatilis (Day, 1875) a 

R. calcaratus (Macleay, 1881) 7 102.4-158.4 
R. beniteguri (Jordan and Snyder, 1900) 98 58.2-160.5 
R. virgis (Jordan and Fowler, 1903) 51 21.2- 81.4 
R. ornatipinnis (Regan, 1905) 89 72.1-171.4 

R. limiceps (Ogilby, 1908) 14 89.0-154.8 
“R, cooperi (Regan, 1908) 

R. macdonaldi (Ogilby, 1911) 15 40.6- 83.3 


R. marleyi (Regan, 1919) 2 39.9- 43.8 
R. sublaevis (McCulloch, 1926) 4 95.9-120.4 
'R. erythraeus (Ninni, 1934) 

R. umbritherax (Fowler, 1941) i 28.8 
R. marisinensis (Fowler, 1941) 1 37.4 
R. longi (Fowler, 1941) 1 71.4 
R. brunneus (Fowler, 1941) 7 51.6- 61.8 
R. punctilateralis (Fowler, 1941) 4 39.3- 59.1 
R. keeleyi (Fowler, 1941) 

R. leucobranchialis (Fowler, 1941) 10 28.1- 50.3 
R. planus (Ochiai, 1955) l 43 23.4-102.1 
R. meridionalis (Suwardji, 1965) - 

*R. hainanensis (Li, 1966) 

*R. bali (Suwardji, 1965) 

R. russelli (Johnson, 1976) 5 72.4— 89.1 
R. sp. 1 (from Panay, the Philippines) 46.7- 68.8 
R. sp. 2 (from Manira, the Philippines) 3 30.3— 55.0 


n 
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Table 1. Continued. 


Standar 
Genera and species pi at length 
mm 
R. sp. 3 (from Australia) 14 68.3-113.6 
Spinicapitichthys Fricke, 1980 

*§, muscatensis (Regan, 1905) 

S. spiniceps (Regan, 1908) 10 86.4-100.2 
S. draconis (Nakabo, 1977) 1 93.8 


XS. oxycephalus Fricke, 1980 
Anaora Gray, 1835 
A. tentaculata Gray, 1835 15 19.0- 38.5 
“A, fowleri (Herre, 1928) 
Eleutherochir Bleeker, 1879 : 
E. opercularis (Valenciennes, 1837) 2 19.7- 66.3 
E. mirabilis (Snyder, 1911) 33 37.5- 54.1 
XE. mccaddeni (Fowler, 1941) 
XE. pogognathus (Gosline, 1959) 
*E. celetus (Smith, 1963) 
XE. shango (Davis and Robins, 1966) 


Fricke, Braunschweig; University of Michigan, Museum of Zoology; National 
Museum of the Smithsonian Institution; Western Australian Museum, Perth; and 
Yokosuka City Museum. 

The methods that were used to measure body parts are shown in Fig. 1. The 
counting of fin rays follows the method of Hubbs and Lagler (1947). The lowermost 
pectoral rays were counted as having divided tips when it was impossible to recognize 
whether or not they were divided. Posteriormost tip of preopercular spine was not 
counted as upward process on the inner side. Proportional measurements of the 
genera are shown in Table 2. 

The cephalic lateral line canals are observed by injecting black ink. 


Taxonomy 
Family Callionymidae 


Body depressed. No scales on any part of body. Gill-opening small and oval, 
located on dorsal surface of posterior part of head. Preopercle with a retrorse strong 
spine. Upper jaw protractile downward (except Eleutherochir). A nostril on each side 
of preorbital region. Mouth small, protracted ventrally in most species. Teeth on 
both upper and lower jaws villiform in broad bands. Palatine and vomer toothless. 
Anal papilla conical, longer in males than in females. Lateral line canal well deve- 
loped, single, reaching base of caudal fin or tip of a median caudal ray. Cephalic 
lateral line canal well developed; supraorbital canal single on interorbital space, 
bifurcating at preorbital region and opening before and after a nostril with a pore; 
anterior infraorbital canal placed above the posterior part of maxillary; posterior 
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infraorbital canal extending forward below eye; supratemporal canal present; pre- 
operculo-mandibular canal below preopercular spine opening with 5 pores. Most 
of lateral line canal raised from skin and surrounded by sensory cells and degenerate 
elliptical scales (Ochiai, 1963) which can be stained with alizarin Red-S. Anal 
papilla conical, longer in males than in females as primary sexual character. 

Dorsal fin separated into 2 parts (rarely the first absent): anterior composed of 
soft four spines, (rarely one or three), posterior of soft rays; dorsal rays unbranched 
except for the last. Pectoral fin large. Pelvic fin large and round, connected by 
a membrane to base of pectoral fin. Anal fin composed of soft rays; anal rays 
unbranched except for the last. Caudal fin with 10 rays. 

Secondary sexual characters are remarkable in the adult male. 


Key to the genera of the Callionymidae 


A, Upper edge of lower jaw with many fleshy papillae; mouth expanded late- 


Pally Leeks sete eds a AAE Ea ane Di a kaa aa ake poo Eleutherochir (p. 109). 
A, Upper edge of lower jaw without fleshy papillae; mouth small and not expanded 
laterally. 


B, A longitudinal dermal fold present on lower part of lateral side of body......... 
E ibe ate Pouki meat shouts Yea ee Sa eee eaten ek indesea sense Diplogrammus (p. 97). 
B, No longitudinal dermal fold present on lower part of lateral side of body. 
C, Tip of each dorsal ray bifurcate or multifurcate except last branched one. 
D, Tip of each dorsal ray multifurcate except last branched One.................. 
E bed ake lalusend Pi te. vay web gece T Pterosynchiropus (p. 93). 

D, Tip ofeach dorsal ray bifurcate except the last branched one. 
E, Pelvic spine and first pelvic ray fused to an elongate rod separated from the 
Other pelvic FAYS.....llle lele teetetouenoeooeoeoonoesesoeseoosononoe Dactylopus (p. 101). 

E, Pelvic spine and five rays connected by a membrane. 

F, A transverse lateral line commissure on dorsal surface of caudal peduncle. 
G, Some long, transverse branches of lateral line canal present on dorsal 


surface OF DOAY ki ake sea nas oue Sak tei kita aste paka yet Synchiropus (p. 98). 
G, No long, transverse branch of lateral line present on dorsal surface of 
Dody ii kaka ae REE EAE nanye kose FIAT Eocallionymus (p. 89). 


F, No transverse lateral line commissure on dorsal surface of caudal peduncle. 

H, Preopercular spine with 1 or 2 upward processes on inner side. 
I, Tip of each branch of last anal ray simple............... Foetorepus (p. 87). 
I, Tip of each branch of last anal ray bifurcate...... Neosynchiropus (p. 92). 
H; Preopercular spine straight and elongate with an antrorse process at base, 
many short upward processes on inner side............ Orbonymus (p. 100). 

C, Tip of each dorsal ray simple except last branched one. 
Jı Preopercular spine simple without process; lateral line with many long, 
conspicuously transverse upward branches...... Paracallionymus (p. 90). 
Ja Preopercular spine with some processes. 
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K, Preopercular spine with no antrorse process at base. 
L, A transverse lateral line commissure present on dorsal surface of 
caudal peduncle .....l.eleeeoeeooerereuoooooeooorouoons Callionymus (p. 84). 
L, No transverse lateral line commissure present on dorsal surface of 
caudal peduncle. 
M, 9 dorsal and 8 anal rays ..................... Minysynchiropus (p. 94). 
M, 8 dorsal and 7 anal rays .........seeeeeoe Paradiplogrammus (p. 95). 
K, Preopercular spine with an antrorse process at base or with many 
processes on outer side. 
N, Preopercular spine with several processes on outer and inner 
SIGES* sieve nce ka E oue pon ni rek vi eerie Spinicapitichthys (p. 106). 
N, Preopercular spine with an antrorse process at base and one or 
many upward processes on inner side. 
O, No transverse lateral line commissure on dorsal surface of 
caudal peduncle. 
P, A pair of supraorbital cirri present ............... Anaora (p.-108). 
P, No supraorbital cirrus present. 
Q, Preopercular spine straight with many short upward pro- 
cesses on the inner side. 
R, 9 dorsal and 8analrays.................. Calliurichthys (p. 102). 
R, 8 dorsal and 7 anal rays ......... Pseudocalliurichthys (p. 104). 
Q, Preopercular spine strongly curved upward at the pos- 
terior end, and with several upward processes on the inner 
SIE eye OU reine td aan teats Paradiplogrammus (p. 95). 
O, A transverse lateral line commissure present on dorsal surface 
of caudal peduncle. 
S, Tips of one or two median caudal rays simple............... 
ake a a T E duet. Bathycallionymus (p. 86). 
S, Tips of 6 or 7 median caudal rays bifurcate. 
T, Some long, or separated short transverse branches of 
lateral line canal present on dorsal surface of body. 
U, Preopercular spine short and slightly curved upward 
at the posterior end ..............eeeeeee Callionymus (p. 84). 
U, Preopercular spine elongate and straight with many short 
upward processes on the inner side. .Calliurichthys. (p. 102) 
T, Neither long, nor separated short transverse branch of 
lateral line canal present on dorsal surface of body......... 
Repomucenus (p. 105). 


Pere eee eee eee AU HA ee eee re ey 


Genus Callionymus Linnaeus, 1758 
(Figs. 2, 21A, 23, 24A, 29B-C) 


Callionymus Linnaeus, 1758, Syst. Nat. ed. X, Vol. 1, p. 249 (type-species by original designation; 
Callionymus lyra). 
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Description: D. III-IV, 6-10; A. 9; P,. it+16—20; P,. I, 5; C. i+7+ii. 

Body elongate and depressed. Gill-opening located midway between posterior 
edge of eye and upper origin of pectoral fin. Tip of upper jaw protruding anterior. 
Preopercular spine short, with an antrorse process at base and two upward processes 
on inner side; each process and posterior tip barbed (in C. risso and C. pusillus, without 
an antrorse process at base; each process and posterior tip not barbed). Infraorbital 
canal not extending below eye. Postocular commissure connected with preoper- 
culo-mandibular canal, but in some species not connected; the latter above preoper- 
cular spine with a short retrorse branch (in C. risso and C. pusillus, the latter divided 
into 7-8 short parts). Lateral line reaching tip of a median caudal ray; the line of 
opposite side interconnected by a transverse branch across dorsal surface of caudal 
peduncle; several long transverse branches of lateral line on dorsal surface of body 
(in C. risso and C. pusillus, several separated short transverse branches there). 

First dorsal fin beginning behind gill-opening. Dorsal and anal rays simple 
except last branched rays. Upper half of pectoral fin slightly emarginated, lower 
half rounded. Caudal fin rounded. 

Color in preserved specimens. Body marbled brown above, white below. In 
C. lyra, body marbled sepia-brown above, white below. 

SECONDARY SEXUAL DIMORPHISM: In C. reticulatus and C. maculatus, the second 


Fig. 2. Callionymus. A, lateral view of a C. lyra, male. Solid lines show the lateral line 
canals; B, preopercular spine of C. lyra; C, preopercular spine of C. risso; D, geogra- 
phic distribution of the genus. 
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dorsal and anal fins of the male are remarkably large and are more colorful than those 
of the female. 

HAsITAT: Sandy-muddy bottoms in shallow to deep waters of the continental 
shelf, banks or seamounts. 

GEOGRAPHIC DISTRIBUTION: the northeastern Atlantic; the Mediterranean. 

Remarks: Historically, the term Callionymus has been applied to most of the 
species belonging to the family Callionymidae. The results of this study show that 
the name, Callionymus should be limited to those five species distributed in the nor- 
theastern Atlantic and the Mediterranean. 

Five species of this genus are divided into the following two groups in the pre- 
opercular spine and lateral line: C. lyra, C. reticulatus and C. maculatus; C. risso and 
C. pusillus. “These two groups may be correspond to subgeneric status. The latter 
two species seem to be more specialized in the cephalic lateral line than the former 
three. 

Callionymus (except C. risso and C. pusillus) is closely related to Bathycallionymus, 
both having the barbed process on the preopercular spine. Some species of these 
two genera are alike in their patterns of secondary sexual dimorphism. 


Genus Bathycallionymus n. g. 
(Figs. 3, 26A, 29G) 
Bathycallionymus (type-species by original designation: Callionymus kaianus Günther). 


Description: D. IV, 9; A. 9; Py. iit17—19; P}. I, 5; CG. i+3-+i+2-ii or 
i+3+i+3-+ii. 

Body elongate and depressed. Eye very large. Interorbital space very narrow 
and concave. Gill-opening located midway between posterior edge of eye and 
upper origin of pectoral fin. Tip of upper jaw protruding anterior. Preoper- 
cular spine with an antrorse process at base and two upward processes on inner 
side; posterior upward process and posterior tip barbed. Infraorbital canal not 
extending below eye, with a long downward branch. Postocular commissure not 
connected to preoperculo-mandibular canal. 

First dorsal fin beginning behind gill-opening. Tip of each dorsal ray, except 
last branched ray, simple. Upper half of pectoral fin slightly emarginated, lower 
half rounded. Tip of each anal ray simple. Tips of one or two median caudal 
rays simple. 

Color in life. In B. regani, body sepia-brown above and below. But, in other 
species, body olive-brown above, white below. 

Color in preserved specimens. Both sepia- and olive-brown colors somewhat 
darkened. | 

SECONDARY SEXUAL DIMORPHISM: In some species of this genus, the second 
dorsal and anal fins of the male are remarkably larger and are more colorful than in 
the female. 
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Fig. 3. Bathycallionymus. A, lateral view of a B. formosanus, male. Solid lines show the lateral 
line canals; B, preopercuiar spine of B. kaianus; C, geographic distribution of the genus. 


HABITAT: Sandy-muddy bottoms in deep waters near the edge of the con- 
tinental shelf, banks or seamounts. 

GEOGRAPHIC DISTRIBUTION: northeastern coast of Africa; the Persian Gulf 
and western and eastern coasts of India; the western Pacific (Japan, the East 
China Sea, the South China Sea, New Guinea and north Australia). 

Remarks: This new genus is closely related to Callionymus in its general phy- 
siognomy, especially the shape of the preopercular spine. It differs from the latter 
in having no commissure between the postocular commissure and the preoperculo- 
mandibular canal, no long transverse branches of the lateral line on the dorsal surface 
of the body and only one or two simple median caudal rays. 

This new genus corresponds to the katanus-group of the genus Callionymus des- 
cribed by Fricke (1981 e). 

The generic name “Bathycallionymus” referrs to the genus living in deep waters 
near the edge of the continental shelf. 


Genus Foetorepus Whitley, 1931 
(Figs. 4, 21A, 29J) 


Foetorepus Whitley, 193la, Aust. Zool. 6, p. 323 (type-species by original designation: Callionymus 
calauropomus Richardson). 
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Yerutius Whitley, 193lb, Rec. Aust. Mus. 18, p. 115 (type-species by original designation: 
Callionymus apricus McCulloch). 


DESCRIPTION: D. IV, 8; A. 7; P;. i+18—-21; P,. I. 5; G.i+7+ii. 

Body slightly depressed. Eye very large. Preopercular spine without an 
antrorse process at base, but with 1-2 upward processes on inner side; its posterior 
end pointed. Snout short; its tip located almost at anterior tip of upper jaw. Gill- 
opening located somewhat behind middle between the posterior edge of eye 
and upper origin of pectoral fin. Infraorbital canal not extending below eye. 
Postocular commissure connected with preoperculo-mandibular canal; the latter 
above preopercular spine with a short retrorse branch. Lateral line of opposite 
side not interconnected on dorsal surface of caudal peduncle. 


A 


Fig. 4. Foetorepus. A, lateral view of a F. altivelis, male. Solid lines show the lateral line 
canals; B, preopercular spine of F. altivelis; C, preopercular spine of F. phaeton; D, ge- 
ographic distribution of the genus. 


First dorsal fin beginning just behind origin of pelvic fin. Tip of each dorsal 
ray, except posterior branch of last ray, bifurcate. Pectoral fin rounded. Tip of 
each anal ray simple. Caudal fin more elongate in males than in females, or lower 
half of caudal fin slightly filmanetous in some species. 

Color in life. In most species, body reddish with unconspicuous olive-brown 


marks above, white below. 
Color in preserved specimens. Reddish color faded to creamy white.. In F. 
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calauropumus, sepia-brown body above, white below. 

SECONDARY SEXUAL DIMORPHISM: The second dorsal and caudal fins of the 
male are larger than those of the female. The lower caudal rays of the male in 
some species are filamentous. 

HABITAT: Sandy-muddy bottoms in deep waters near the edge of the con- 
tinental shelf, and on banks or seamounts. 

GEOGRAPHIC DISTRIBUTION: Baja California; west coast of the Isthmus of 
Panama; middle part of the western Atlantic; middle part of the eastern Atlantic; 
the Mediterranean; coast of southeastern Africa; western Pacific (Japan, the Philip- 
pines, New Guinea and east and south Australia); New Zealand; the middle Pacific 
(Emperor Seamounts and the Hawaiis). 

Remarks: Whitley (1931 a) established the genus Foetorepus on the basis of 
Callionymus calauropomus Richardson. Later (1931 b), he also established the genus 
Yerutius on the basis of Callionymus apricus McCulloch. Because these two fishes have 
common characters they can not be separated into two genera; they should belong 
to the prior genus, Foetorepus. Since Whitley (1931 a), did not define this genus 
sufficiently, Foetorepus has been redifined in this study. 

The figure for the original description of the dorsal rays of F. calauropomus differ 
somewhat from the description of this genus. In the figure, the first dorsal ray is 
simple and the posterior branch of the last dorsal ray, bifurcate; whereas, for the 
specimens examined in this study and the specimen, BM(NH) 1855. 9. 19. 183 (A. 
Wheeler, personal communication), the former is bifurcate and the latter simple. 
The specimens used for this study do agree well in color pattern with the figure used 
for the original description. McCulloch (1926) first pointed out these variations. 
The other species of Foetorepus examined for this study did not have these variations. 
Their second dorsal fin is the same as the fin of specimens of F. calauropomus which I 
examined for this study. Therefore, I have adopted the above description for the 
second dorsal fin of Foetorepus. 


Genus Eocallionymus n. g. 
(Figs. 5, 21C, 29F) 
Eocallionymus (type-species by original designation: Callionymus papilio Gunther). 


DESCRIPTION: D. IV, 7; A. 6; Py. i+18-19; P,. I, 5; C. i+7-+ii. 

Body slightly depressed. Eye moderately large. Preopercular spine without 
an antrorse process, but with an upward process on inner side, and its posterior tip 
curved dorsally. Snout short; its tip almost at tip of upper jaw. Gill-opening 
located midway between posterior edge of eye and upper origin of the pectoral fin. 
Infraorbital canal not extending below eye. Postocular commissure connected 
to the preoperculo-mandibular canal; the latter above preopercular spine with a 
short retrorse branch. Lateral line reaching tip of median caudal ray; the line of 
opposite side interconnected by a transverse branch across dorsal surface of caudal 


Fig. 5. Eocallionymus. A, lateral view of a E. papilio, male. Solid lines show the lateral line 
canals; B, preopercular spine of E. papilio; C, geographic distribution of the genus. 


peduncle. 

First dorsal fin small, and beginning almost at upper origin of pectoral fin. “Tip 
of each dorsal ray bifurcate. Pectoral fin rounded. Tip of each anal ray simple. 

Color in preserved specimens. Body marbled dark sepia-brown above, white 
below. 

SECONDARY SEXUAL DIMORPHISM: Fins of the male are slightly larger than 
those of the female. The color pattern of each unpaired fin is slightly more colorful 
in the male than in the female. 

HABITAT: Sandy bottoms with pebbles in shallow waters (D.F. Hoese, personal 
communication). 

GEOGRAPHIC DISTRIBUTION: south coast of Australia. 

Remarks: “This new genus is much like Foetorepus and Neosynchiropus in its 
general physiognomy, especially the preopercular spine. One difference is the 
lateral line commissure on the dorsal surface of the caudal peduncle. 

The generic name “Eocalltonymus” means one of the earliest dragonet, because 
this genus has the most primitive osteological characters (Nakabo, unpublished). 


Genus Paracallionymus Barnard, 1927 
(Figs. 6, 26B, 29E) 


Paracallionymus Barnard, 1927, Ann. South African Mus. 21, p. 448 (type-species by original 
designation: Callionymus costatus Boulenger). i 
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DESCRIPTION: D. IV, 9-10; A. 9; P,. i+18-19; P,. I, 5; C. i+7+i. 

Body elongate and depressed. Eye very large. Gill-opening located midway 
between posterior edge of eye and upper origin of pectoral fin. Upper jaw pro- 
truding anterior. Preopercular spine simple, only sharply pointed. Infraorbital 
canal bifurcate and not extending below eye. Postocular commissure not connected 
to preoperculo-mandibular canal. Lateral line reaching tip of median caudal ray, 
with many transverse branches upward and downward; upward branches long, 
with 4—5 short retrorse branches; the line of opposite side interconnected by a tran- 
sverse branch across dorsal surface of caudal peduncle. 


Fig. 6. Paracallionymus. A, lateral view of a P. costatus, male. Solid lines show the lateral 
line canals; B, preopercular spine of P. costatus; C, geographic distribution of the genus. 


First dorsal fin beginning before upper origin of pectoral fin. Tips of each 
dorsal and anal ray, except last branched ray, simple. Pectoral fin lanceolate. 

Color in preserved specimens. Body colorless. 

SECONDARY SEXUAL DIMORPHISM: The first dorsal and caudal fins of the male 
are elongate (but, only the male observed). 

HABITAT: Sandy-muddy bottoms in deep waters (South Africa) and in shallow 
waters (Baie de Pulpito). 

GEOGRAPHIC DISTRIBUTION: South Africa; Rio de Oro, western Africa. 
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Genus Neosynchiropus n. g. 
(Figs. 7, 24B, 29J) 
Neosynchiropus (type-species by original designation: Callionymus ocellatus Pallas). 


DESCRIPTION: D. IV, 8; A. 7; Pi if 17—21, i+r17-19, iii+18; P,. I, 5; C. 
i+7-+ii. 

Body cylindrical. Eye moderately large. Gill-opening just behind middle be- 
tween posterior edge of eye and upper origin of the pectoral fin. Tip of snout slightly 
anterior to tip of upper jaw. Preopercular spine with no antrorse process at base, 
and 1-2 upward processes on inner side; its posterior end pointed (in N. ijimae, with 
an antrorse process at base, and in N. sechellensis, with 1 or 2 small antrorse ones). In- 
fraorbital canal not extending below eye. Postocular commissure not connected to 
preoperculo-mandibular canal. Lateral line reaching tip of median caudal ray; the 
line of opposite side not connected by a transverse branch on dorsal surface of caudal 
peduncle. 

First dorsal fin beginning behind the gill-opening. Tip of each dorsal ray 
bifurcate. Pectoral fin rounded. Tip of each anal ray bifurcate in some species. 
Caudal fin rounded. 


Fig. 7. Neosynchiropus. A, lateral view of a N. ocellatus, male. Solid lines show the lateral 
line canals; B, preopercular spine of N. ocellatus; C, preopercular spine of N. ijimai; 
D, geographic distribution of the genus. 


Genera of Dragonets 93 


Color in preserved specimens. Body marbled dark sepia-brown, white below. 

SECONDARY SEXUAL DIMORPHISM: The male has a remarkably larger and more 
colorful first dorsal fin than the female. 

HABITAT: Sandy bottoms in coral reefs, tidal pools and weedy beds around 
islands. 

GEOGRAPHIC DISTRIBUTION: southeastern coast of Africa; east coast of In- 
dia; the western Pacific; the Hawaiian Isls. 

Remarks: This new genus is much like Synchiropus and Eocallionymus in its general 
physiognomy, especially body form and color pattern. It differs in having no lateral 
line commissure on the dorsal surface of the caudal peduncle. 


Genus Pterosynchiropus n. g. 
(Figs. 8, 24C, 29J) 
Pterosynchiropus (type-species by original designation: Callionymus splendidus Herre). 
DESCRIPTION: D. IV, 8; A. 7; Py. i+29—30; P,. I, 5; C. i+8x+i. 
Body cylindrical, posterior half slightly compressed. Eye large. Gill-opening 


just behind middle between posterior edge of eye and upper origin of pectoral fin. 
Tip of snout almost at tip of upper jaw. Preopercular spine with no antrorse process 
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Fig. 8. Pterosynchiropus. A, lateral view of P. splendidus. Solid lines show the lateral line 
canals; B, preopercular spine of P. splendidus; C, geographic distribution of the genus. 
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at base, 2-3 upward processes, posterior end curved upward. Caudal peduncle 
very compressed and deep. Infraorbital canal not extending below eye. Posto- 
cular commissure not connected to preoperculo-mandibular canal. Lateral line 
reaching base of caudal fin; the line of opposite side not connected by a transverse 
branch on dorsal surface of caudal peduncle. 

First dorsal fin beginning behind gill-opening. Tip of each dorsal and anal 
ray multifurcate. Pectoral fin large and rounded, many more rays than in other 
genera. Membrane between pelvic fin and base of pectoral fin very narrow. Cau- 
dal fin rounded; median eight caudal fin rays multifurcate. 

Color in preserved specimens. Body colorful. 

SECONDARY SEXUAL DIMORPHISM: First dorsal spine is elongate and filamentous. 

HABITAT: Coral reefs around islands. 

GEOGRAPHIC DISTRIBUTION: the Ryukyu Isls.; the Philippines; Great Barrier 
Reef. i 

Remarks: This new genus is very like Neosynchiropus in its general physiognomy, 
but differs in having multifurcate tips on its dorsal, anal and caudal rays, a com- 
pressed caudal peduncle and a broad pectoral fin with many rays. 

Species belonging to this genus seem to swim among corals above the bottom as 
in the photograph in Wheeler (1975). The diagnostic characters of Pterosynchiropus 
must be related to their peculiar manner of swimming which is unique among calli- 
onymid fishes. Therefore, this genus has been named “‘Pterosynchiropus’’. 


Genus Minysynchiropus n. g. 
(Figs. 9, 21D, 29J) 


Minysynchiropus (type-species by original designation: Synchiropus laddi Schultz). 


DESCRIPTION: D. IV, 9; A. 8; Pi. ii+16, iii-+-14—15, iv+13—14; Po. I, 5; C. 
i+7-ii. 

Body cylindrical. Eye large. Gill-opening just behind middle between posterior 
edge of eye and upper origin of pectoral fin. “Tip of snout almost at tip of upper 
jaw. Preopercular spine with no antrorse process at base, many upward ones on 
inner side; posterior tip strongly curved upward. Infraorbital canal not extending 
below eye. Postocular commissure connected to preoperculo-mandibular canal, the 
latter above preopercular spine with a short retrorse branch. Lateral line reaching 
tip of a median caudal ray; line of opposite side not interconnected by transverse 
branch on dorsal surface of caudal peduncle. 

First dorsal fin beginning just behind gill-opening. Tip of each dorsal ray, except 
last branched one, simple. Pectoral fin rounded. Tip of each anal ray simple. 
Caudal fin rounded. 

_ Color in preserved specimens. Body almost creamy white with some incon- 
spicuous, faintly dark marks. 

SECONDARY SEXUAL DIMORPHISM: First dorsal fin of the male is markedly larger 
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Fig. 9. Minysynchiropus. A, lateral view of a M. laddi, male. Solid lines show the lateral 
line canals; B, preopercular spine of M. laddi; C, geographic distribution of the genus. 


than that of the female. 

HABITAT: Sandy bottoms in tidal pools and coral reefs around islands. 

GEOGRAPHIC DISTRIBUTION: the Indian Ocean; the western and southern Pacific. 

Remarks: This new genus includes only the species, M. laddi (Schultz). Syn- 
chiropus postulus Smith and Synchiropus (Synchiropus) minutulus Fricke are the synonyms 
of M. laddi. “The characters to separate these three species, which are pointed out 
by Fricke (1981 c), seems to be infraspecific variations. 

It is very small when mature. Male specimens about 20 mm in standard length 
had conspicuous secondary sexual characters. Therefore, this new genus has been 
named “Minysynchiropus”. 

This new genus is very like Paradiplogrammus and Diplogrammus in the shape of 
its preopercular spine. 


Genus Paradiplogrammus n. g. 
(Figs. 10, 24D, 29J) 
Paradiplogrammus (type-species by original designation: Callionymus enscactis Bleeker). 


DESCRIPTION: D. IV, 8-9; A. 7-8; Pi it15—20, ii-+14—15; P,. I, 5; C. i+ 
7+ii. 


96 T. NAKABO 


Fig. 10. Paradiplogrammus. A, lateral view of a P. calliste, male. Solid lines show the lateral 
line canals; B, preoprcular spine of P. sp.; C, preopercular spine of P. corallinus; 
D, geographic distribution of the genus. 


Body moderately depressed. Gill-opening midway between posterior edge of 
eye and upper origin of pectoral fin. “Tip ofsnout almost at tip of upper jaw. Pre- 
opercular spine with antrorse process at base (in some species none), many upward 
ones on inner side; posterior end strongly curved upward. Infraorbital canal not ex- 
tending below eye; postocular commissure not connected with preoperculo-mandi- 
bular canal. Lateral line reaching near tip of a median caudal ray; the line of 
opposite side not connected by a transverse branch on dorsal surface of caudal ped- 
uncle. 

First dorsal fin beginning just behind gill-opening; tips of most dorsal rays simple. 

Pectoral fin double truncate. Tip of each anal ray, except last branched one, 
simple. Caudal fin rounded. 

Color in preserved specimens. Body marbled dark brown above, white below. 

SECONDARY SEXUAL DIMORPHISM: First dorsal fin of the male is markedly larger 
and more colorful than that of the female. 

Hasirat: Sandy bottoms in weedy beds, pebbles, rocks and corals in shallow 
waters around islands. 

GEOGRAPHIC DISTRIBUTION: middle part of the western Atlantic; the western 
Indian Ocean; the western Pacific; the Hawaiian Isls. 

Remarks: This new genus is closely related to Diplogrammus in its general 
physiognomy, especially that of the preopercular spine, but differs in having no 
dermal fold on the lateral ventral side of the body. 
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Genus Diplogrammus Gill, 1865 
(Figs. 11, 24E, 26C, 27, 29J) 


Diplogrammus Gill, 1865, Lyc. Nat. Hist. New York, p. 143 (type-species by original designation: 
Callionymus goramensis Bleeker). 

Calymmichthys Jordan and Thompson, 1914, Mem. Carnegie Mus., 6 (4), p. 296 (type-species by 
original designation: Calymmichthys xenicus Jordan and Thompson). ! 

Dicallionymus Fowler, 1941, Proc. U.S. Nat. Mus., 90 (3106), p. 29 (type-species by original desi- 
gnation: Callionymus goramensis Bleeker). 

Dermosteira Schlitz, 1943, U.S. Nat. Mus. Bull. 180, p. 267 (type-species by original designation: 
Dermosteira dorotheae Schultz). 

Climacogramn.us Smith, 1963, Rhodes Univ. Ichthyol. Buli., 28, p. 550 (type-species by original 
designation: Diplogrammus (CGlimacogrammus) inflatus Smith). 

Diplogrammoiaes Smith, 1963, Rhodes Univ. Ichthyol. Bull., 28, p. 551 (type-species by original 
designation: Diplogrammus (Diplogramnwides) gruveli Smith). 

Chalinops Smith, 1963, Rhodes Univ. Ichthyol. Bull., 28, p. 552 (type-species by original designa- 
tion: Callionymus floridae Fowler). 


Description: D. IV, 6-8; A. 4-7; P,. i+16—18, i+15—-17; P}. I, 5; C. i+ 
7+ii. 

Body depressed. Eye moderately large. Gill-opening midway between pos- 
terior edge of eye and upper origin of pectoral fin; opercular flap as enlarged pos- 
terior part of subopercle below gill-opening in some species. Tip of snout almost at 
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Fig. 11. Diplogrammus. A, lateral view of a D. xenicus, male. Solid lincs show the lateral line 
canals; B, preopercular spine of D. pauciradiatus; C, preopercular spine of D. xenicus; 
D, geographic distribution of the genus. 
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tip of upper jaw. Preopercular spine with antrorse process at base, many upward ones 
on inner side; posterior end strongly curved upward in some species. In others, 
preopercular spine with no antrorse process at base and two upward ones on inner 
side; posterior end slightly curved upward. Infraorbital canal not extending below 
eye. Postocular commissure not connected to preoperculo-mandibular canal. La- 
teral line of opposite side not interconnected by transverse branch on dorsal surface of 
caudal peduncle. Longitudinal dermal fold on lateral ventral side of body. 

First dorsal fin begins before upper origin of pectoral fin. Tip of each dorsal 
and anal ray simple or bifurcate. Pectoral fin rounded or lanceolate. 

Color in preserved specimens. Body marbled dark brown above, white below. 

SECONDARY SEXUAL DIMORPHISM: In some species, the first dorsal fin of the 
male is markedly larger than that of the female. 

Hasirat: Sandy bottoms near weedy beds, pebbles and corals in shallow 
waters around islands. 

GEOGRAPHIC DISTRIBUTION: middle part of the western Atlantic; the western 
Indian Ocean (the Red Sea, southeastern Africa); the western and southern Pacific. 

Remarks: Many genera and subgenera have been established for the species 
of this genus because of the number of diagnostic characters. But the species have 
a common longitudinal dermal fold on the lateral ventral side of the body. No 
other callionymid species have this character; therefore, all these divisions should be 
included in the genus Diplogrammus. 


Genus Synchiropus Gill, 1860 
(Figs. 12, 25A, 29A) 


Synchiropus Gill, 1860, Proc. Acad. Nat. Sci. Philad., 1859, p. 129 (type-species by original designa- 
tion: Callionymus lateralis Richardson). 


DESCRIPTION: D. IV, 8; A. 7; Pi. i+18; P,. I, 5; C. it-7+ii. 

Body cylindrical. Eye moderately large. Gill-opening on upper lateral side 
of body and after middle between posterior edge of eye and upper origin of pectoral 
fin. Snout short; its tip almost at tip of upper jaw. Preopercular spine elongate 
and straight with no antrorse process at base, two upward processes on inner side. 
Supraorbital canal not extending to tip of snout. Infraorbital canal simple, and 
not extending below eye. Postocular commissure not connected to preoperculo- 
mandibular canal. Lateral line reaching tip of median caudal ray; line of opposite 
side interconnected by transverse branch across dorsal surface of caudal peduncle; 
several long transverse branches on each side of dorsal surface of body; cross-shaped, 
separated branch before transverse commissure on caudal peduncle. 

First dorsal fin beginning behind gill-opening. “Tip of each dorsal ray bifurcate. 
Tip of each anal ray, except last branched one, simple. Upper half of pectoral fin 
slightly emarginated, lower half rounded. Caudal fin rounded. 
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Fig. 12. Synchiropus. A, lateral view of a S. ornatus, male. Solid lines show the lateral line 
canals; B, preopercular spine of S. ornatus; C, geographic distribution of the genus. 


Color in preserved specimens. Body marbled dark sepia-brown above, white 
below. 

SECONDARY SEXUAL DIMORPHISM: It could not be studied. 

HasiraT: Muddy bottom on the continental shelf. 

GEOGRAPHIC DISTRIBUTION: Tropical waters in the Indo-West Pacific. 

Remarks: Gill (1860) established Synchiropus on the basis of five species. Sub- 
sequently, Regan (1908), Jordan and Thompson (1914), Norman (1939), Fowler 
(1941), Schultz and Woods (1948), de Beaufort (1951), Matsubara (1955), Schultz 
(1960), Ochiai (1963) and Smith (1963) included species with no antrorse process at 
the base of the preopercular spine in the genus Synchiropus. Recently, summing up 
the characters experienced by the earlier workers, Fricke (1981c) regarded Synchiro- 
pus as the genus characterized by the following: 1, gill openings sublateral or lateral 
in position; 2, base of preopercular spine usually without an antrorse process; 3, rays 
of second dorsal fin usually all branched, the last divided at its base; 4, membrane 
behind the last spine of the first dorsal fin small or absent; 5, Snout very short, usually 
shorter than eye; 6-10, characters in the neurocranium. 

My study, however, shows that, Synchiropus should include only species like S. 
lateralis, first described in Synchiropus by Gill (1860). Many of the species included 
into Synchiropus by the authors above, especially Fricke, are divided into seven genera 
(Foetorepus, Eocallionymus, Minysynchiropus, Neosynchiropus, Pterosynchiropus, Synchiropus 
and Orbonymus) in the present stydy. The characters summed up by Fricke are too 
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variable to be treated as the generic characters and the seven genera have their own 
osteological characters (Nakabo, unpublished). 


Genus Orbonymus Whitley, 1947 
(Figs. 13, 25B, 29J) 


Orbonymus Whitley, 1947, Aust. Zool., 11, p. 150 (type-species by original designation: Callionymus 
(Calliurichthys) rameus McCulloch). 


DESCRIPTION: D. IV, 8; A. 7: P,. i--17—18; P,. I, 5; C. i4+-7+ii. 

Body slightly depressed. Gill-opening midway between posterior edge of eye 
and upper origin of pectoral fin. Snout short; its tip almost at tip of upper jaw. 
Preopercular spine straight and elongate with an antrorse process at base, many short 
upward ones on inner side. Supraorbital canal not extending to tip of snout. In- 
fraorbital canal simple, not extending below eye. Postocular commissure not con- 
nected to preoperculo-mandibular canal. Lateral line reaching tip of median caudal 
ray; line of opposite side not interconnected by transverse branch on dorsal surface of 
caudal peduncle. 

First dorsal fin beginning at gill-opening. Tip of each dorsal ray bifurcate. 
Upper half of pectoral fin emarginated, lower half rounded. Tip of each anal ray, 
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Fig. 13. Orbonymus. A, lateral view of a O. rameus, female." Solid lines show the lateral line 
canals; B, preopercular spine of O. rameus; C, geographic distribution of the genus. 
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except last branched one, simple. Caudal fin rounded. 

Color in preserved specimens. Body marbled dark sepia-brown above, white 
below. 

SECONDARY SEXUAL DIMORPHISM: First dorsal fins of males and females are 
markedly large; slightly larger in the male than in the female in O. rameus. 

HABITAT: Sandy rubble bottoms. 

GEOGRAPHIC DISTRIBUTION: coast of Queensland, Australia. 

Remarks: Orbonymus is closely related to Dactylopus in its general physiognomy, 
but differs from it in the pelvic fin and preopercular spine. 


Genus Dactylopus Gill, 1860 
(Figs. 14, 25C, 29J) 


Dactylopus Gill, 1860, Proc. Acad. Nat. Sci. Philad., 1859, p. 130 (type-species by original designa- 
tion: Callionymus dactylopus Valenciennes). 

Vulsus Gunther, 1861, Cat. Brit. Mus., III, p. 151 (type-species by original designation: Calliony- 
mus dactylopus Valenciennes). : 


Description: D. IV, 8; A. 7; Py. ii+17; P}. I, 1-4; C. i+7-ii. 


Fig. 14. Dacblopus. A, lateral view of a D. dactylopus, female. Solid lines show the lateral 
line canals; B, preopercular spine of D. dactylopus; C, geographic distribution of the 
genus. 
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Body slightly depressed. Gill-opening behind middle between posterior edge of 
eye and upper origin of pectoral fin. Snout short; its tip almost at tip of upper jaw. 
Occipital region rugose. Preopercular spine straight with several antrorse processes 
on outer side, several small upward ones on inner side. Supraorbital canal not 
extending to tip of snout. Infraorbital canal simple, not extending below eye. 
Postocular commissure not connected to preoperculo-mandibular canal. Lateral 
line reaching tip of median caudal ray; line of opposite side not interconnected by 
transverse branch on dorsal surface of caudal peduncle. 

First dorsal fin beginning well before gill-opening. Tip of each dorsal ray bifur- 
cate. Upper half of pectoral fin slightly emarginated, lower half rounded. Pelvic 
spine and first pelvic ray fused form elongate rod separated from other pelvic rays. 
Tip of each anal ray, except last branched one, simple. 

Color in preserved specimens. Body marbled dark sepia-brown above, white 
below. 

SECONDARY SEXUAL DIMORPHISM: Each tip of dorsal spine are elongate and 
filamentous in the male, but not in the female. 

Hasiratr: Sandy rubble bottoms in shallow waters around islands. 

GEOGRAPHIC DISTRIBUTION: the western Pacific and north coast of Australia. 


Genus Calliurichthys Jordan and Fowler, 1903 
(Figs. 15, 22A, 26E, 29D. J. K) 


Calliurichthys Jordan and Fowier, 1903, Proc. U.S. Nat. Mus., 25 (1305), p. 941 (type-species by 
original designation: Callionymus japonicus Houttuyn). 


DESCRIPTION: D. IV, 9; A. 8; Py. ii+16—-19; P}. I, 5; G.i+7+i. 

Body elongate and strongly depressed. Gill-opening midway between posterior 
edge of eye and upper origin of pectoral fin. Tip of snout a little behind tip of upper 
jaw (in males of some species, almost at tip of upper jaw). Occipital region rugose. 
Preopercular spine straight and elongate with an antrorse process at base, many 
short upward processes on inner side. Supraorbital canal not extending near tip of 
snout. Infraorbital canal branched, not extending below eye (in C. japonicus, ex- 
tends below eye). Postocular commissure connected to preoperculo-mandibular 
canal in some species, but in others the latter canal cut above preopercular spine. 
Short antrorse branch of canal near distal end of preoperculo-mandibular canal. 
Lateral line reaching tip of median caudal ray; line of opposite side interconnected 
by transverse branch across dorsal surface of caudal peduncle (in C. nepiunius intercon- 
nected both on dorsal and ventral surfaces). In most species, several separated short 
transverse branches on each side of dorsal surface of body and T-shaped separated 
branch before transverse commissure on caudal peduncle. 

First dorsal fin beginning behind gill-opening. Tip of each dorsal and anal ray, 
except last branched one, simple. Upper half of pectoral fin slightly emarginated, 
lower half rounded. 
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Fig. 15. Calliurichthys. A, lateral view of a C. japonicus, female. Solid {lines show the lateral 
line canals; B, preopercular spine of C. japonicus; C, geographic distribution of the 
genus. 


Color in preserved specimens. Body marbled dark sepia-brown above, white 
below. 

SECONDARY SEXUAL DIMORPHISM: In most species, the male has a much longer 
caudal fin than the female, almost equal to its body length. 

HABITAT: Sandy-muddy bottoms on the continental shelf, its edges and on 
banks. 

GEOGRAPHIC DISTRIBUTION: coastal waters of the Indian Ocean (including 
the Red Sea and Persian Gulf); the western Pacific (including the East China and 
South China Seas); west, north and east coasts of Australia; the Hawaiian Isls. 

REMARKS: Jordan and Fowler (1903) established Calliurichthys on the basis of 
three species from Japan, Callionymus japonicus Houttuyn, Callionymus variegatus Tem- 
minck and Schlegel, and Calliurichthys doryssus Jordan and Fowler because these three 
have a straight preopercular spine with several short upward processes on the inner 
side. McCulloch (1926) and Fricke (1980) regarded Calliurichthys as a subgenus of 
Callionymus. de Beaufort (1951) and Ochiai et al. (1955) considered this genus a syn- 
onym for Callionymus. Barnard (1927) regarded Calliurichihys a valid genus. 

My study shows that Calliurichthys, as established by Jordan and Fowler, should 
be separated into three genera, Calliurichthys, Pseudocalliurichthys and Repomucenus. 
Their respective diagnostic characters represent distinct generic phenomena. Call- 
iurichthys should be separated from Callionymus and limited only to species having 
the characters described above. 
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Genus Pseudocalliurichthys n. g. 
(Figs. 16, 25D, 26D, 29J) 


Pseudocalliurichthys (type-species by original designation: Callionymus variegatus Temminck and Sch- 
legel). 


DESCRIPTION: D. IV, 8; A. 7; Pi. i+17-18, ii+14—17; P,. I, 5; G.i+7+ii. 

Body elongate and depressed. Gill-opening midway between posterior edge of 
eye and upper origin of pectoral fin. Snout very long. Upper jaw well protruding 
anterior. Occipital region rugose. Preopercular spine straight with antrorse 
process at base, many short upward processes on inner side. Supraorbital canal 
not extending to tip of snout. Infraorbital canal not extending below eye. Posto- 
cular commissure not connected to preoperculo-mandibular canal. Lateral line 
nearly reaching tip of median caudal ray; line of opposite side not interconnected by 
transverse branch on dorsal surface of caudal peduncle. 

First dorsal fin beginning behind gill-opening. Tip of each dorsal and anal ray, 
except last branched one, simple. Upper half of pectoral fin slightly emarginated, 
lower half rounded. 

Color in preserved specimens. Body marbled dark brown (like the surface of 
a sandy bottom) above, white below. 

SECONDARY SEXUAL DIMORPHISM: In P. variegatus, the male has two filamentous 
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Fig. 16. Pseudocalliurichthys. A, lateral view of a P. variegatus, male. Solid lines show the 
lateral line canals; B, preopercular spine of P. variegatus; C, geographic distribution of 
the genus. 
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dorsal spines and markedly elongate caudal fin. 

HABITAT:. Sandy bottoms in coral reefs and weedy beds around islands. 

GEOGRAPHIC DISTRIBUTION: the Indian Ocean; the western Pacific; coast of 
western Australia. 

Remarks: Pseudocalliurichthys is closely related to Calliurichthys in its straight and 
serrated preopercular spine and a rugose occipital region. It differs in the number 
of dorsal and anal rays, and in having no short separated transverse branch of the 
lateral line. This genus also in closely related to Repomucenus because of the preoper- 
cular spine found during early stages of its growth and its body color. 


Genus Repomucenus Whitley, 1931 
(Figs. 17, 22B, 29H-I) 


Repomucenus Whitley, 193la, Aust. Zool., 6 (4), p. 323 (type-species by original designation: 
Callionymus calcaratus Macleay). 

Callimucenus Whitley, 1934, Suppl. Checklist Fishes New South Wales, ed. 3, No. 398, p. 418 
(type-species by original designation: Callionymus macdonaldi). 

Velesionymus Whitley, 1934, ibid, p. 418 (type-species by original designation: Callionymus limiceps). 


DESCRIPTION: D. II-IV, 9 (mostly IV, 9); A. 8-9 (mostly 9); Pi. i+16--21; 
P,. I, 5; C. i+7+ii. l 

Body elongate and strongly depressed. Eye moderately large. Gill-opening 
midway between posterior edge of eye and upper origin of pectoral fin. Snout 
long. Upper jaw protruding anterior. Preopercular spine with an antrorse process 
at base, several upward processes on inner side; posterior end slightly curved upward 
(in some species, almost straight with several short upward processes). Supraorbital 
canal extending nearly to tip of snout. Infraorbital canal extending below eye 
with several downward or upward branches. Postocular commissure connected to 
preoperculo-mandibular canal; the latter above preopercular spine with an antrorse 
and a retrorse short branches, below them with a long retrorse branch. 

First dorsal fin beginning behind gill-opening. Second dorsal fin emarginated. 
Tip of each dorsal and anal ray, except last branched ones, simple. Upper half of 
pectoral fin emarginated, lower half rounded. l 

Color in preserved specimens. Body marbled brown (like the surface of a 
sandy bottom), white below. 

SECONDARY SEXUAL DIMORPHISM: In some species, the first dorsal fin of the 
male is much larger and more colorful than that of the female; the dorsal rays of 
the male are elongate and filamentous. 

Hasitat: Sandy-muddy bottoms on the continental shelf. 

GEOGRAPHIC DISTRIBUTION: coastal waters of the Indian Ocean (including 
the Red Sea and Persian Gulf); the western Pacific (including the East China and 
South China Seas); all coasts of Australia; the eastern Mediterranean near the Suez 


Canal. 
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Fig. 17. Repomucenus. A, lateral view of a R. huguenini, male. Solid lines show the lateral 
line canals; B, C and D, preopercular spine of R. huguenini, R. richardsonii and R. belcheri; 
E, geographic distribution of the genus. 


Remarks: Whitley (193la) established Repomucenus on the basis of Callionymus 
calcaratus, but his description of this genus is not definitive. In 1934, he established 
Callimucenus and Velesionymus on the bases of Callionymus macdonaldi and C. limiceps. 
These three species have common diagnostic characters and should be included in 
the genus Repomucenus. 

Almost all the members of the genus Repomucenus have been included in Callio- 
nymus; but Repomucenus differs from Callionymus in the preopercular spine, the pattern 
of the cephalic lateral line and the long transverse branch of the lateral line. There- 
fore, the two genera should be separated. 

Repomucenus originally was not distributed in the Mediterranean. R. filamentosus 
found in the eastern Mediterranean, is from the Red Sea (Tortonese, 1964; Ben- 
Tuvia, 1978). 

This genus has the most species of this family. 


Genus Spinicapitichthys Fricke, 1980 
(Figs. 18, 28, 29J-K) 


Spinicapitichthys Fricke, 1980, East. Ann. Mus. Civico St. Nat. Genova, 83, p. 60 (type-species by - 
origina] designation: Callionymus spiniceps Regan). 
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Fig. 18. Spinicapitichthys. A, lateral view of a S. spiniceps, female. Solid lines show the lateral 
line canals; B, preopercular spine of S. spiniceps; C, geographic distribution of the 
genus. 


DESCRIPTION: D. IV, 8; A. 8; P;. i+18—20; P,. I, 5; C. i+7+ii. 

Body elongate and depressed. Eye large. Gill-opening midway between pos- 
terior edge of eye and upper origin of pectoral fin. Upper jaw protruding anterior. 
Occipital region with spines. Preopercular spine straight, many processes on outer 
and inner sides. Supraorbital canal extending slightly after nasal pore. Infraor- 
bital canal simple, not extending below eye. Preoperculo-mandibular canal very 
short, only near preopercular spine. Lateral line reaching tip of median caudal ray; 
line of opposite side not interconnected on dorsal surface of caudal peduncle in most 
species (in S. oxycephalus interconnected both on dorsal and ventral surfaces). 

First dorsal fin beginning at gill-opening. Tip of each ray of dorsal and anal 
fins simple. Upper half of pectoral fin slightly emarginated, lower half rounded. 

Color in preserved specimens. Body marbled brown above, white below. 

SECONDARY SEXUAL DIMORPHISM: The caudal fin of the male is longer than 
that of the female. 

Hasitat: Sandy-muddy bottoms in deep waters near the edge of the continental 
shelf and on banks. 

GEOGRAPHIC DISTRIBUTION: Gulf of Suez; the Seychelles, Saya de Malha Bank; 
Muscat; Japan. 

Remarks: Fricke (1980) established Spinicapitichthys a subgenus of Callionymus. 
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But Spinicapitichthys should be regarded as a genus separate from Callionymus. Many 
of its conspicuous diagnostic characters are generic ones. 


Genus Anaora Gray, 1835 
(Figs. 19, 25E, 29J) 


Anaora Gray, 1835, Illustrations of Indian Zoology (type-species by original designation: Anaora 


tentaculata Gray). 
Amcra Gray, 1835, Illustrations of Indian Zoology (may be a typographical error). 


DESCRIPTION: D. IV, 8; A. 7; P,. 21-25 (tips of most rays simple); P,. I, 5; C. 
ii+-6-+Fil. l 

Body cylindrical. Eye moderately large. Short thread-like cirrus on the 
dorsoposterior edge of eye. Gill-opening midway between posterior edge of eye 
and upper origin of pectoral fin. Upper jaw protractile, oblique ventrally. Teeth 
on both upper and lower jaws degenerative. Preopercular spine with an antrorse 
process at base, upward process on inner side; posterior end pointed. Occipital 
region with a pair of bony tubercles. Infraorbital canal not extending below eye. 
Postocular commissure not connected to preoperculo-mandibular canal. Lateral 
line reaching base of caudal fin; line of opposite side not interconnected by transverse 
branch on dorsal surface of caudal peduncle. 

First dorsal fin short, beginning slightly before upper origin of pectoral fin. 
Second dorsal fin emarginated. Tip of each dorsal and anal ray, n last bran- 
ched ray, simple. Caudal fin with 6 bifurcate rays. 
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Fig. 19. Anaora. A lateral view of a A. tentaculata, male. Solid lines show the lateral line 
canals; B, preopercular spine of A. tentaculata; C, geographic distribution of the genus. 
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Color in preserved specimens. Body marbled brown above, white below. In 
some specimens of A. tentaculata, body pinkish above, white below. 

SECONDARY SEXUAL CHARACTERS: “The caudal fin of the male is larger than that 
of the female. 

HABiITAT: Sandy bottoms in shallow waters around islands. ° 

GEOGRAPHIC DISTRIBUTION: Ryukyu Isls.; the Philippines; Borneo, Celebes 
and western New Guinea. 


Genus Eleutherochir Bleeker, 1879 
(Figs. 20, 22C, 29H) 


Eleutherochir Bleeker, 1879, Versl. Akad. Amsterdam, 14, p. 102 (type-species by original degna- 
tion: Callionymus opercularioides Bleeker). 

Draculo Snyder, 1911, Proc. U.S. Nat. Mus., 40 (1836), p. 545 (type-species by original designation: 
Draculo mirabilis Snyder). ; 

Draculus Jordan, Tanaka and Snyder, 1913, J. Coll. Sci., Imp., Univ. Tokyo, 33 (1), p- 377 (ii 
be a typographical error). 

Brachycallionymus Herre and Myers, in Herre, 1936, Proc. Biol. Soc. Washington, 49, Pp. 12 (type- 
species by original designation: Brachycallionymus mirus Herre). ' 

Pogonymus Gosline, 1959, Paci. Sci. 13 (1), p. 72 (type-species by original designation: baba 
pogognathus Gosline). 

Charibarbitus Smith, 1963, Rhodes Univ. Ichthyol. Bull., 28, P- 562 (type-species by original desi- 
gnation: Charibarbitus celetus Smith). 

Clathropus Smith, 1965, Ann. Mag. Nat. Hist. Ser. 13, vol. 8, p. 321 (type-species by original desi- 
gnation: Clathropus maugei Smith). 


DESCRIPTION: D. absent or I-IV, 9-13; A. 9-13; P, it16—23; P,. I, 5; C. 
i+7-+ii, ii+6+i1. 

Ethmoidal region strongly depressed. Mouth large laterally. Upper margin of 
lower lip with row of many papillae. Row of very small teeth on upper and lower 
jaws. Lower jaw somewhat protractile anteriorly. In some species, transverse 
isthmial fold connects branchiostegal membranes from each side and unfolds when 
lower jaw protrudes anteriorly. Preopercular spine with no antrorse process at 
base, 2-5 upward processes on inner side; posterior end strongly curved upward. 
Cephalic lateral line well developed; infraorbital canal extending to middle of cheek 
with some short branches. Postocular commissure connected .to preoperculo-mandi- 
bular canal, the latter above preopercular spine with short and long retrorse branch. 
Lateral line reaching tip of median caudal ray; line of opposite side interconnected 
by transverse branch across dorsal surface of caudal peduncle. 

First dorsal fin degenerative. Tips of posterior 1-5 dorsal rays bifurcate. - Pec- 
toral fin lanceolate. Almost no membrane between pelvic fin and pectoral fin base. 
Caudal fin rounded. 

Color in preserved specimens. Body dark brown above, white below. 

SECONDARY SEXUAL DIMORPHISM: Rare. 

HABITAT: Sandy bottoms in very shallow waters (beach). One species, 
Eleutherochir opercularis, enters brackish waters. 
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Fig. 20. Eleutherochir. A, lateral view of an Æ. opercularis, male. Solid lines show the lateral 
line canals; B, preopercular spine of E. mirabilis; C, geographic distribution of the 
genus. 


GEOGRAPHIC DISTRIBUTION: coast of Nigeria; Red Sea; southeast coast of 
Africa; east coast of India; Indonesia; Borneo; Celebes; New Guinea; the Philip- 
pines; Japan; Po Hai; the Hawaiian Isls. 

Remarks: Bleeker established Eleutherochir on the basis of a protruding lower 
jaw, an opercular flap, and lack of a membrane between the pelvic fin and the pec- 
toral fin base. Others have established different genera for the species in this genus 
because of the various diagnostic characters. But, the various genera have the 
diagnostic characters described above, in common, and should be included in the 
genus Eleutherochir. 


Discussions of External Characters 


1) Cephalic lateral line 


The cephalic lateral line patterns, especially in the infraorbital and preoperculo- 
mandibular canals, can be separated into seven types. A simple infraorbital canal 
and preoperculo-mandibular canal with five short branches, Type A, is seen in Calli- 
onymus, Foetorepus, Eocalltonymus and Minysynchiropus (Fig. 22). A branched infraor- 
bital canal and a preoperculo-mandibular canal above the preopercular spine with 
one or two short branches and a long branch, Type B, is seen in Calliurichthys, Repomu- 
cenus and Eleutherochir (Fig. 22). A branched infraorbital canal and preoperculo-man- 
dibular canal separated into many parts, the part above the preopercular spine with 
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a branch, Type C, is seen in Callionymus (Fig. 23). A simple infraorbital canal and 
preoperculo-mandibular canal divided into two parts above the preopercular spine, 
Type D, is seen in Callionymus, Neosynchiropus, Pterosynchiropus, Paradiplogrammus, Di- 
plogrammus, Synchiropus, Orbonymus, Dactylopus, Pseudocalliurichthys and Anaora (Figs. 
24, 25). A branched infraorbital canal and preoprculo-mandibular canal divided 
into two parts above the preopercular spine, Type E, is seen in Bathycallionymus, 


Fig. 21. The cephalic lateral line in four callionymid species. A, Callionymus lyra; B, 
Foetorepus altivelis; C, Eocallionymus papilio; D. Minysynchiropus laddi. IO, infraorbital _ 
canal; POC, postocular commissure; POM, preoperculo-mandibular canal; PRO, 
preorbital canal; SO, supraorbital canal; ST, supratemporal canal. Left, dorsal view; 
middle, lateral view; right, ventral view. Scales indicate 5 mm. 
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Fig. 22. The cephalic lateral line in three callionymid species. A, Calliurichthys japonicus; 
B, Repomucenus planus; C, Eleutherochir mirabilis. Left, dorsal view; middle, lateral view; 
right, ventral view. Scales indicate 5 mm. 


Fig. 23. The cephalic lateral line in Callionymus risso. Left, dorsal view; middle, lateral view; 
right, ventral view. Scale indicates 5 mm. 
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Fig. 24. The cephalic lateral line in five callionymid species. A, Callionymus maculatus; 
B, Neosynchiropus ocellatus; C, Pterosynchiropus splendidus; D, Paradiplogrammus calliste; 
E, Diplogrammus goramensis. Left, dorsal view; middle, lateral view; right, ventral view. 
Scales indicate 5 mm. 
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Fig. 25. The cephalic lateral line in five callionymid species. A, Synchiropus ornatus; 


D, Pseudocalliurichthys xanthosemeion; 


B, Orbonymus rameus; C, Dactylopus dactylopus; 
right, ventral view. 


E, Anaora tentaculata. Left, dorsal view; middle, lateral view; 
Scales indicate 5 mm. 
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Fig. 26. The cephalic lateral line in five callionymid species. A, Bathycallionymus moretonensis; 
B, Paracallionymus costatus; C, Diplogrammus xenicus; D, Pseudocalliurichthys goodladi; E, 
Calliurichthys grossi. Left, dorsal view; middle, lateral view; right, ventral view. Scales 
indicate 5 mm. 
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Paracallionymus, Diplogrammus, Pseudocalliurichthys and Calliurichihys (Fig. 26). A 
simple infraorbital canal and a very short preoperculo-mandibular canal located 
near the preopercular spine, Type F, is seen in Diplogrammus (Fig. 27). A supraorbi- 
tal canal that extends to just after the nasal pore, a simple infraorbital canal and a 
very short preoperculo-mandibular canal located near the preopercular spine, Type 
G, is seen in Spinicapitichthys (Fig. 28). 


Fig. 27. The cephalic lateral line in Diplogrammus pauciradiatus. Left, dorsal view; middle, 
lateral view; right, ventral view. Scale indicates 5 mm. 
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Fig. 28. The cephalic lateral line in Spinicapitichthys spiniceps. Left, dorsal view; middle, 
lateral view; right, ventral view. Scale indicates 5 mm. 


A simple infraorbital canal is more primitive than other types because there 
are no infraorbital bones to carry it in this family; thus, a divided and extended in- 
fraorbital canal must be secondary. The preoperculo-mandibular canal of Type A 
must be more primitive than the other types because it is like that found in most 
standard percoid fish with compressed bodies. 

The preoperculo-mandibular canal above the preopercular spine disappears in 
many genera. Because we do not know what shape this missing part had, the charac- 
ter of the cephalic lateral line cannot be used to determine the interrelationships 
among the genera. It can only be said that Type A is primitive. 

Although some genera (Callionymus, Calliurichthys and Diplogrammus) have intra- 
generic variations in the cephalic lateral line, other genera (Repomucenus and Eleu- 
therochir) are stable. In the latter genera, the cephalic lateral line is one of the 
generic characters. l 
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2) Lateral line on the body 


The lateral line patterns on the body can be roughly separated into five types. 
In Type A there are many separated or attached transverse branches on the dorsal 
surface of the body, and a commissure of the opposite lines on the dorsal surface of 
the caudal peduncle. Type A is seen in Synchiropus, Callionymus and Calliurichthys 
(Fig. 29A-D). In Type B there are many transverse branches on the dorsal surface 
of the body, and a commissure of the opposite lines on the dorsal surface of the caudal 
peduncle. Type B is seen only in Paracallionymus (Fig. 29E). In Type C there is 
only the commissure of the opposite lines on the dorsal surface of the caudal pe- 
duncle. Type Cis seen in Eocalltonymus, Bathycallionymus, Repomucenus and Eleutherochir 
(Fig. 29F-I). In Type D there are no transverse branches on the dorsal surface of 
the body, and no commissure of the opposite lines on the dorsal surface of the 
caudal peduncle. Type D is seen in Foetorepus, Minysynchiropus, Diplogrammus, Para- 
diplogrammus, Neosynchiropus, Pterosynchiropus, Orbonymus, Dactylopus, Pseudocalliurichthys, 
Spinicapitichthys and Anaora (Fig. 29J). In Type E the opposite line is interconnected 
by the transverse branches on both dorsal and ventral surfaces of the caudal 


Fig. 29. Diagrammatic illustration showing the lateral line on callionymid body. A, Synchiropus; 
B, Callionymus (except C. risso and C. pusillus); C, Callionymus risso and CG. pusillus; D, Cal- 
liurichthys (except C. grossi and C. sp.); E, Paracallionymus; F, Eocallionymus; G, Bathycalli- 
onymus; H, Repomucenus (except R. huguenini, R. filamentosus, R. longi, R. brunneus, R. punctilateralis 
and R. virgis) and Eleutherochir; I, Repomucenus huguenini, R. filamentosus R. longi, R. brunneus, 
R. punctilateralis and R. virgis; J, Anaora, Foetorepus, Minysynchiropus, Diplogrammus, Paradiplo- 
grammus, Neosynchiropus, Pterosynchiropus, Orbonymus, Dactylopus, Pseudocalliurichthys, Spinicapitichthys 
(exceptt S. oxycephalus), Calliurichthys grossi and Calliurichthys sp.; K, Spinicapitichthys oxycephalus 
and Calliurichthys neptunius. 
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peduncle. Type E is seen in Calliurichthys and Spintcapitichthys (Fig. 29K) 

It is difficult to determine which types of lateral line on the body are advanced. 
Three differentiations can be deduced: 1. Type D is the most primitive. Type C, 
A, B being successive derivations. Type E is derived from Type C; 2. Types B and 
C are derived from Type A, and Types D and E from Type C; 3. Types A, D and 
E are derived from Type C, and Type B from Type A. Types B and E could not 
be the origin, because each is seen in a few genus. But in some genera, lateral line 
on the body is one of the diagnostic characters. 


3) Body size 

Callionymid fishes can be divided into three groups based on their mature size: 
Foetorepus, Callionymus, Bathycallionymus, Paracallionymus, Calliurichthys and Repomu- 
cenus may be 150 mm or more in standard length; Orbonymus, Dactylopus, Pseudocalli- 
urichthys and Spinicapitichthys may reach 100 mm; Locallionymus, Eleutherochir, Anaora, 
Diplogrammus, Paradiplogrammus, Minysynchiropus, Neosynchiropus, Pterosynchiropus and 
Synchiropus may be 20-70 mm long. 

A comparison of body size with habitat, shows that the six genera which reach 
a length of 150 mm or more live on sandy or muddy bottoms, mainly along a conti- 
nental shelf. Five of the genera (exception Paracallionymus) have large populations 
world-wide. The three genera that reach a length of 100 mm live on sandy bottoms 
along a continental shelf or near islands. The sizes of their populations are small. 
The eight genera (exception Eleutherochir) which have lengths between 20 and 70 mm 
live on the sandy bottoms of coral reefs, in weedy beds, along rocky shores around 
islands. Their populations are small. Æleutherochir live on sandy bottoms in very 
shallow waters, in small populations. 


4) Body form 


The depth-width relationships of the bodies of the 19 genera are shown in Fig. 
30. Bathycallionymus, Calliurichthys, Repomucenus, Pseudocalliurichthys and Paracalliony- 
mus are strongly depressed and elongate in body form. Since Repomucenus has the 
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width in callionymid genera. BD, body depth; 
BW, body width; SL, standard length; ANA, 
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flattest body of all, it seems to be the most adaptive to inhabit the sand-muddy bot- 
toms on the continental shelf. Foetorepus, Eocallionymus, Paradiplogrammus, Diplogram- 
mus, Minysynchiropus, Synchiropus, Orbonymus, Dactylopus, Spinicapitichthys and Eleuthero- 
chir are depressed and moderately elongate. Neosynchiropus, Pterosynchiropus and 
Anaora are moderately depressed, but not elongate. Since Pterosynchiropus has the 
most conical body of all, it seems to be the most adaptive to inhabit the coral reefs 
around islands. Strongly depressed and moderately depressed bodies seem to be 
derived from depressed one, because most genera have depressed body. 


5) Body color 
Eocallionymus, Foetorepus calauropomus, Callionymus, Bathycallionymus regani, Anaora, 
Neosynchiropus, Synchiropus, Orbonymus, Dactylopus and Calliurichthys are marbled light 
or dark sepia-brown. Diplogrammus, Paradiplogrammus and Spinicapitichthys are mar- 
bled dark brown. Eleutherochir is dark brown. Minysynchiropus is creamy white. 
Bathycallionymus (exception B. regani) is olive-brown. Fresh specimens of Foetorepus 
(exception F. calauropomus) are reddish. Fresh specimens of Pterosynchiropus are color- 
ful. Paracallionymus is uniformly bleached. Repomucenus and Pseudocalliurichthys are 
marbled brown, like the surface of a sandy bottom. 
As judged from the above, the sepia-brown body color is the most primitive 
because it is found in the most genera. Of all the genera, the body colors of Repomu- 
cenus and Pseudocalliurichthys are probably the most adaptive to sandy bottoms. 


6) Eye diameter 
Foetorepus, Bathycallionymus, Paracallionymus and some species of Callionymus have 
larger eyes than the others. All live mainly along deep shelf edges, on banks or on 
seamounts. Therefore, in the callionymid fishes, a large eye is correlated with a 


deep water habitat. 


7) Secondary sexual dimorphism 

In most callionymid species, secondary sexual dimorphism is conspicuous. 
The secondary sexual characters are found mainly in the unpaired fins of males. In 
Diplogrammus, Paradiplogrammus, Minysynchiropus, Neosynchiropus Paracallionymus, Ptero- 
synchiropus, Orbonymus, Dactylopus Pseudocalliurichthys, and Repomucenus, the first dorsal 
fin is a conspicuously large secondary sexual character of the males. In Callionymus 
and Bathycallionymus, the second dorsal and anal fins are markedly expanded. 

In Calliurichthys and Spinicapitichthys, the caudal fin is very elongated. Although 
secondary sexual dimorphism exists in Foetorepus, Eocallionymus, and Anaora, no 
markedly conspicuous unpaired fin is present. In Eleutherochir, secondary sexual 
dimorphism is rare. Secondary sexual dimorphism could not be studied in Synchiropus 
because of lack of specimens. 

Male’s conspicuous first dorsal fin in Repomucenus valenctennei (=Callionymus 
flagris in their paper) and R. richardsonii (=C. richardsoni) has a role in distinguishing 
species and in attracting the female (Takita and Okamoto, 1979). This also is 


are in parentheses. 


Table 2. Proportional measurements as the percent of standard length in genera of the Callionymidae. Data show ranges; the means 


Callionymus Bathycallionymus Foetorepus 
Sex male female male female male female 
No. species (NOS) 5 5 5 5 8 6 
Sttandard length (mm) (SL) 31.6-178.5 28.8-147.2 71.7-157.5 67.2-171.4 47.4-185.7 27.4-156.8 


Body width (BW) 

Body depth (BD) 

Caudal peduncle depth (CPD) 
Predorsal length (PDL) 
Caudal fin length (CFL) 
Head length (HL) 

Eye diameter (ED) _ 

Snout length (SNL) 

Upper jaw length (UJL) 
Interorbital width (IOW) 

lst dorsal spine length (DS1) 
2nd dorsal spine length (DS2) 
3rd dorsal spine length (DS3) 
4th dorsal spine length (DS4) 
Ist dorsal ray length (FDR) 
Last dorsal ray length (LDR) 
lst anal ray length (FAR) 
Last anal ray length (LAR) 
Pectoral fin length (PFL) 
Pelvic fin length (PVL) 


Preopercular spine length (PSL) 


Anal papilla length (APL) 


17.8- 22.3(20.2) 
10.8- 12.3(11.8) 
3.7- 5.5( 4.7) 
29.7- 35.0(32.0) 
24.2- 51.0(31.7) 
24.2- 25.7(24.6) 
7.0- 9.5( 8.4) 
8.2- 12.7( 9.8) 
7.5- 10.1( 9.1) 
1.3- 2.3( 1.9) 
7.5- 54.4(28.1) 
6.5- 27.4(16.7) 
4.5- 26.7(13.5) 
6.2- 13.9( 9.5) 
16.1- 70.3(82.0) 
13.3- 33.7 (24.5) 
7.4- 9.0( 8.5) 
11.5- 22.8(16.4) 
18.5- 21.9(21.6) 
24.0- 28.0 (26.8) 
3.8- 42( 4.1) 
2.4- 5.0( 3.7) 


18.0- 26.7(22.9) 
12.8- 15.0(18.6) 
3.8- 6.0( 4.8) 
32.8- 35.0(33.8) 
21.7- 28.7(24.9) 
24.3- 25.7(24.8) 
7.0- 9.9( 8.8) 
7.6- 10.9( 9.5) 
7.1- 10.9( 8.7) 
1.6- 2.1( 1.8) 
7.4- 13.2(10.2) 
5.7- 12.5( 9.3) 
4.3- 10.2( 7.5) 
3.6- 6.9( 5.3) 
15.4- 18.8(16.8) 
9.5- 13.5(11.2) 
7.8- 8.5( 8.0) 
9.5- 11.9(11.2) 
18.4- 26.6(21.9) 
23.1- 30.6(26.4) 
3.6- 4.3( 4.0) 
0.3- 2.1( 1.0) 


19.6- 22.1 (21.1) 
10.9- 11.8 (11.2) 
3.6- 4.1( 3.8) 
26.4— 28.2(27.4) 
30.3- 48.5 (41.1) 
23.6- 25.5(24.4) 


8.9- 9.2( 9.1) 
7.8- 9.3( 8.4) 
6.7- 7.9( 7.5) 
LI- 1.5( 1.3) 


17.2- 32.7(23.3) 
14.1- 19.7(17.6) 
13.5- 18.9(16.6) 
9.6- 11.1(10.1) 
15.3- 23.0(19.1) 
15.8-.21.4(19.2) 
7.4- 11.4( 9.7) 
13.8- 19.3(16.3) 
17.9- 18.9(18.5) 
23.1--26.2(24.8) 
4.8- 6.0( 5.5) 
1.8- 3.2( 2.6) 


20.8- 24.0(22.7) 
11.4- 13,1(12.1) 
34- 4.2( 3.8) 
28.4- 29.5(29.0) 
31.5- 55.6(38.1) 
25.1- 25.8(25.4) 


9.0- 10.1( 9.5) 
8.0- 9.2( 8.5) 
7.4- 8.1( 7.7) 
1.1- 1.6( 1.2) 


15.7- 26.5(20.3) 
13.9- 18.4(15.9) 
13.2- 16.3(14.8) 
8.1- 11.7( 9.1) 
16.2- 18.8(17.5) 
14.9- 19.2(17.3) 
7.3- 9.5( 8.9) 
12.5- 14.9(13.5) 
17.9- 19.5(18.7) 
23.5- 25.9(24.3) 
5.0- 7.3( 6.2) 
0.8- 1.1( 1.0) 


19.3- 24.6(22.7) 
12.6- 16.7(15.3) 
4.0- 6.9( 5.9) 
26.7- 33.3(30.1) 
26.9- 61.0(46.4) 
27.8- 31.2 (28.8) 
8.8- 13.1(10.6) 
7.6- 10.1( 9.0) 
8.1- 10.8( 9.1) 
0.6- 2.8( 1.9) 
20.1- 48.0(30.3) 
14.9- 44.2(24.1) 
13.9- 35.8(19.4) 
9.7- 24.4(13.9) 
17.7~ 35.8(25.6) 
18.6- 32.6(24.6) 
7.2- 10.7( 9.2) 
16.1- 25.5(20.6) 
20.1- 26.3(23.8) 


25.9- 32.7(29.5) 


1.0- 2.7( 2.0) 


21.2- 26.6(23.5) 
14.5- 16.8(15.2) 
4.7- 6.7( 5.5) 
27.0- 34.3(30.9) 
28.2- 37.5(33.0) 
27.2- 30.3 (28.7) 
10.4- 13.0(11.4) 


5.5- 9.7( 8.1) 
7.6- 9.9( 8.6) 
07 2.7( 1.5) 


16.7- 36.5(23.0) 
13.8- 20.0(17.0) 
13.2- 16.6(14.7) 
10.7- 12.4(11.3) 
16.5- 23.7 (20.2) 
13.8- 22.4(19.0) 
8.2- 9.5( 8.7) 
14.3- 20.5(16.6) 
19.2- 22.3(21.0) 


26.0- 30.4(27.7) 


0.7- 1.0( 0.9) 
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Sex 
NOS 
SL 
BW 
BD 
CPD 
PDL 
CFL 
HL 
ED 
SNL 
UJL 
IOW 
DSI 
DS2 
DS3 
DS4 
FDR 
LDR 
FAR 
LAR 
PFL 
PVL 
PSL 
APL 


Table 2. Continued. 


Eocallionymus —_ Paracallionymus Neosynchiropus 

male female male male female & young 
1 1 1 3 3 
43.9-68.7  26.0-48.2 38.0-46.1 18.0-78.7 9.6-55.0 

23.7 25.5 17.3 21.0-25.2(23.5) 25.2-27.1(26.0) 
17.0 17.6 9.9 16.1-20.0(18.6) 20.0-21.9(20.7) 
7.6 7.8 3.8 8.9- 9.9( 9.3) 9.0-10.9( 9.8) 
32.6 35.8 31.3 28.3-33.3(30.9) 32.2-34.7 (33.5) 
36.0 29.6 — 29.9-32.9(31.4) 28.9-33.0(31.2) 
27.6 29.6 27.0 25.2-31.1(28.6) 25.6-30.4 (28.6) 
9.0 10.5 10.0 8.1-12.8(10.1) 8.2-11.2(10.0) 
9.9 9.7 8.6 6.7-10.3( 9.1) 9.1-11.9(10.1) 
8.2 8.0 10.5 7.7- 8.9( 8.3) 7.6- 8.7( 8,1) 
2.7 2.7 12 1.1- 4.2( 2.9) 1.9- 3.3( 2.6) 
18.1 9.2 28.2 29.7-59.4(47.5) 14.8-28.3(19.2) 
18.7 9.7 30.8 10.6-56.1(32.9) 13.6-25.3(18.0) 
‘17.2 7.6 | 31.1 5.6-53.4(30.1) 11.6-20.9(15.2) 
7.5 3.5 10.5 3.3-27.1(24.8) —9.0-13.6(10.7) 
18.1 15.9 18.4 18.9-19.3(19.1) 17.6-18.4(18.0) 
23.1 12.7 15.0 21.1-25.4(23.3) 17.3-18.4(17.9) 
9.0 8.2 “7.9 10.0-10.7(10.5) 10.7-11.2(10.9) 
19.7 14.3 13.4 19.4-19.8(19.6) © 16.4-19.2(17.8) 
19.8 19.3 19.2 23.6-25.5(24.6) 22.2-23.7(23.0) 
30.0 31.1 26.9 28.3-36.4(33.2) 31.9-36.7 (34.7) 
— — — 34 (3.4) 38 ( 3.8) 
1.2 0.6 2.4 2.3- 2.4( 2.4) 1.2 ( 1.2) 


Pterosynchiropus 


female 
2 

33.6-52.9 
24.3~27.0 (25.7) 
21.1-25.0(23.1) 
15.3-17.1(16.2) 
36.1-38.8(37.5) 
28.2-32.8 (30.5) 
31.0-32.4 (31.7) 
10.2-12.7 (11.5) 
11.4-11.5(11.5) 
8.2- 9.3( 8.8) 

7.1- 9.3( 8.2) 
17.6-19.9(18.8) 
12.3-14.9(13.6) 
10.5-12.8(11.7) 
8.0- 9.6( 8.8) 
19.7-20.1(19.9) 
15.7-16.0(15.9) 
11.1-14.0(12.6) 
14.1-18.6(16.4) 
20.2-20.6(20.4) 


27.1-29.8(28.5) 


10 (10 


Minysynchiropus 
male female 
1 1 

15.2-22.1 21.5-23.8 
20.4 22.7 
15.9 17.3 
7.2 7.5 
29.2 31.4 
30.3 27.0 
28.0 27.4 
9.9 10.3 
9.9 8.6 

8.6 8.6 

1.6 1.5 
41.3 14.1 
42.1 14.4 
40.2 13.8 
28.1 8.1 
19.0 17.2 
19.8 15.7 
10.3 10.0 
15.2 128 
24.2 24.3 
37.2 37.6 
2.7 0.6 


Paradiplogrammus 
male female 
4 5 
17.9-66.8 14.9-57.6 


20.7-23.5(22.1) 
13.2-16.2(14.4) 
6.1- 8.1( 7.1) 
29.7-31.5(80.4) 
26.9-37.5 (33.0) 
26.1-27.6 (26.9) 
8.4- 9.7( 8.9) 
8.8- 9.7( 9.2) 
7.6- 8.8( 8.2) 
1.5- 1.9( 1.8) 
28.1-38.6(35.2) 
25.7-38.0(31.9) 
31.5-48.0 (39.9) 
18.4-37.3(26.9) 
19.4-20.4(19.7) 
18.3-23.3(21.1) 
10.1-10.8(10.3) 
16.8-22.9(20.0) 
23.0-24.5(24.0) 
29.6-34.8(32.3) 
5.1- 5.9( 5.5) 
2.0- 4.0( 3.3) 


23.0-26.0(24.4) 
13.6-16.6(15.2) 
5.9- 8.2( 6.9) 
32.2-36.3 (33.8) 
24,7-30.4 (27.8) 
26.9-29.3 (28.1) 
9.1-12.0(10.2) 
7.4-12.0( 9.5) 
7.7-10.0( 8.5) 
1.2- 2.0( 1.7) 
11.1-19.9 (15.9) 
10.5-20.3(15.3) 
9.0-18.7(14.1) 
5.7-15.7( 9.9) 
19.7-20.5(20.0) 
13.4-16.8(15.8) 
8.3-10.6(10.1) 
13.3-15.6(14.9) 
20.3-24.6(22.6) 
29.3-32.9(30.8) 
5.8-10.3( 7.3) 
0.5- 0.8( 0.7) 
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Table 2. Continued. 
Diplogrammus Synchiropus Orbonymus Dactylopus Calliurichthys Pseudocalliurichthys 

Sex male female male male female female male female male female 
NOS 4 3 1 1 1 1 4 5 3 `a2 

SL 14.0-79.7 11.8-78.5 70.4 123.9-131.8 126.0 80.2-94.5 41.7-219.2 28.4-166.9 39.0-126.3 20.8-121.9 

BW 17.1-27.7(21.9) 19.8-25.3(21.8) 223 24.0 238 27.3 20.4 24.3(22.1) 21.8- 26.1(24.3) 17.3- 23.5(21.0) 23.3- 24.4(23.9) 
BD 12.0-16.6(14.3) 12.0-17.5(14.4) 152 14.1 15.6 17.6 9.1- 11.3(10.2) 9.0- 14.8(11.3) 10.8- 13.0(11.7) 11.1- 15.1(13.1) 
CPD 6.0- 6.8( 6.5) 59 7.7( 6.7) 7.5 69 7.5 7.5 4.2- 5.4( 4.7) 48- 6.3( 5.3) 6.0- 6.3( 6.2) 5.8- 6.4( 6.1) 
PDL 28.3-33.5(30.7) 30.0-38.2(32.9) 29.1 22.5 25.6 23.0 25.9- 30.9(28.3) 22.9- 34.5(28.9) 30.3- 36.5(32.7) 32.1- 39.4(35.8) 
CFL 28.6-33.8(31.7) 27.7-30.1(28.9) 35.8 39.7 44.0 38.4 54.7- 99.2(74.7) 33.1- 64.7(47.3) 48.4- 60.1(52.6) 32.6- 43.0(37.8) 
HL 24,9-29.9(27.1) 25.2-32.2(26.1) 28.3 23.2 248 28.1 23.3- 27.3(25.6) 23.2- 28.9(25.7) 27.2- 32.0(29.5) 30.3- 33.6(32.0) 
ED 7.2-10.9( 9.2) 8.4-12.2( 9.8) 7.8 7.4 8.0 “82 7.7- 8.6( 8.2) 7.5- 12.0( 9.1) 6.5- 7.9( 7.4) 64 9.8( 81) 
SNL 8.5- 9.5( 9.1) 8.6-10.8( 9.5) 7.1 72 71 9.5 8.9- 11.3(10.4) 8.3- 11.0( 9.6) 13.6- 15.5(14.9) 14.8- 15.0(14.9) 
UJL 8.6- 9.3( 8.9) 8.0- 8.6( 8.3) 7.1 66 6.5 8.2 7.6- 10.0( 91) 6.3- 9.5( 8.2) 9.3- 12.2(10.8) 9.8- 11.9(10.9) 
IOW 0.7- 2.0( 1.5) 1.6- 1.9( 1.7) 3.8 3.7 2.5 35 1.0~ 1.5( 1.2) 0.7- 1.8( 1.0) 1.1- 1.8( 1.5) 1.5- 2.1( 1.8) 
DSI 24.8-40.1 (33.9) 13.7-17.5(15.6) 19.3 71.0 61.6 44.7 24.2- 48.3(37.1) 17.7- 52.3(27.6) 18.2- 61.3(39.8) 10.0- 42.5(26.3) 
DS2 12.1-38.6 (23.7) 11.2-15.3(13.5) 17.5 69.0 60.5 40.0 12.7— 21.8(15.8) 15.1- 30.4(19.3) 14.9- 38.3(29.9) 10.6- 14.3(12.5) 
DS3 .10.3-39.0(22.9) 9.8-13.0(11.83) 21.7 64.4 — 29.8 12.9- 16.7(14.6) 14.9- 26.1(18.6) 11.8- 15.0(13.1) 9.7- 11.7(10.7) 
DS4 7.8-25.3(15.1) 4.9- 7.7( 6.0) 20.0 60.6 51.6 18.1 9.0- 11.7( 9.7) 9.2- 18.9(12.1) 9.1- 10.0( 9.4) 7.0- 8.0( 7.5) 
FDR 17,3-19.7(18.2) 16.9-20.0(18.7) 19.3 21.0 23.7 23.5 15.3- 17.2(16.0) 16.1- 18.9(17.6) 15.5- 19.5(17.2) 16.4- 17.9(17.2) 
LDR 206-288(24.8) 12.4-18.2(15.9) 22.7 25.0 26.2 22.7 19.2- 21.5(20.6) 17.3- 25.7(20.8) 19.0- 27.7(24.2) 16.3- 24.4(20.4) 
FAR — 9,1-10.3( 9.8) 10.5-12.2(11.2) 10.1 10.2 10.7 12.6 7.6- 9.1( 8.4) 8.6- 10.0( 9.5) 9.3- 10.3( 9.9) 10.2- 10.6(10.4) 
LAR 15.9-21.2(18.7) 11.9-15.7(13.8) 20.7 23.5 25.5 23.6 15.6- 19.6(16.8) 13.3- 19.9(17.0) 18.9- 20.6(19.6) 15.2- 17.0(16.1) 
PFL 21.7-27.8(24.1) 21.9-23.2(22.5) 24.4 28.2 25.4 23.0 18.3- 20.7(19.6) 19.1- 22.3(20.4) 19.7- 22.1(20.7) 19.4- 22.2(20.8) 
PVL 29.3-36.7 (33.0) 29.5-32.5(31.3) 32.5 38.4 36.2 43.7 25.5- 31.3(28.3) 28.5- 31.7(29.9) 26.7- 30.5(28.4) 26.8- 31.8(29.3) 
PSL 8.6- 8.9( 8.8) 9.6-10.5(10.1) — 86 8.7 7.2 5.3- 8.0( 6.6) 7.6- 8.9( 8.1) 5.5- 8.1( 6.8) 7.7- 8.4( 8.1) 
APL 2.1- 4.7( 3.1) 0.6- 1.8( 1.2) 2.7 20 1.0 06 1.7- 4.0( 2.6) 0.7- 1.3( 1.0) 1.3- 2.8( 2.1) 04 0.7( 0.6) 
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Table 2. Continued. 


Spinicapitichthys 


Sex 
NOS 
SL 
BW 
BD 
CPD 
PDL 
CFL 
HL 
ED 
SNL 
UJL 
IOW 
DSI 
DS2 
DS3 
DS4 
FDR 
LDR 
FAR 
LAR 
PFL 
PVL 
PSL 
APL 


Repomucenus 
male female 
27 21 
23.4-184.0 21.2-171.4 


19.9- 28.9(23.8) 
8.0- 12.0(10.4) 
4.3- 6.2( 5.0) 
26.1- 38.5(31.7) 
23.6-67.1 (36.7) 
23.1-29.3 (25.6) 
6.2- 10.1( 8.1) 
6.0- 12.4( 9.7) 
6.3- 10.0( 8.4) 
1.0- 3.0( 1.7) 
7.2- 65.9(29.2) 
6.9- 72.1(22.4) 
3.0- 63.6(17.9) 
3.5- 59.4(12.1) 
13.7- 20.6(16.5) 
9.6- 32.9(21.0) 
7.2- 10.4( 8.6) 
9.0- 20.1 (13.7) 
17.9- 23.6 (20.4) 

23.9- 31.6 (27.8) 
3.3- 9.8( 6.7) 
0.7- 5.5( 3.1) 


21.7- 29.7 (24.5) 
10.3- 12.8(11.2) 
4.4- 5.6( 5.0) 
28.7- 36.9(32.4) 
26.7- 37.6(30.1) 
22.8- 27.9(25.8) 
6.5- 11.2( 8.3) 
6.8- 12.5( 9.7) 
6.3- 10.0( 8.3) 
LI- 2.6( 1.6) 
7.6- 28.0(12.8) 
6.3- 19.1(11.6) 
2.7- 11.8( 9.4) 
3.6- 10.2( 6.1) 
13.7- 19.7(16.8) 
10.6- 20.2(16.3) 
7.7- 9.9( 8.6) 
9.8- 14.8(12.4) 
18.0- 23.6(20.5) 
24.6- 32.0(28.2) 
4.2- 10.8( 7.2) 
0.5- 1.6( 1.0) 


male female 
2 1 
90.8-99.7 86.4-100.2 
22.0-25.6(23.8) 22.1 
12.9-17.2(15.1) 13.5 
5.4- 5.8( 5.6) 5.4 
27.9-29.4(28.7) 28.4 
69.1-94.0(81.6) 61.4 
28.4-33.5(31.0) 28.8 
9.4-11.7(10.6) 10.2 
9.8-13.3(11.6) 9.4 
7.0-10.2( 8.6) 6.9 
1.0- 2.0( 1.5) 0.9 
21.9-60.5 (41.2) 41.6 
16.0-24.4 (20.2) 17.0 
18.0-25.7 (21.9) 17.6 
11.7-17.0(14.4) 10.8 
20.6-22.2 (21.4) 21.5 
20,3-21.3 (20.8) 19.0 
9.6-10.1( 9.9) 9.8 
19.0—20.1 (20.0) 18.5 
22.0-23.2 (22.6) 22.3 
29.2~31.6 (30.4) 31.4 
8.0-14.9(11.5) 16.3 
1.7- 3.2( 2.5) 0.8 


Anaora 
male female 
1 1 

27.0-38.5  19.0-34.9 
22.5 24.4 
17.5 19.1 
7.9 8.4 
36.8 38.8 
51.7 33.3 
31.7 32.3 
11.0 11.1 
14.2 13.2 
10.5 10.1 
3.4 3.8 
15.2 13.6 
15.1 14.1 
13.1 11.5 
7.6 6.1 
20.6 18.5 
20.2 13.9 
13.4 12.7 
25.0 13.9 
23.9 21.2 
35.4 32.0 
4.2 4.7 
2.2 — 


Eleutherochir 


male 

2 

37.5-66.3 
16.2-24.9(20.6) 
10.3-17.2(13.8) 
5.4- 9.5( 7.5) 
41.2(41.2) 
23.6-27.6(25.6) 
25.0-33.2(29.1) 
5.7- 7.2( 6.5) 
7.3-10.9( 9.1) 
6.9-11.8( 9.4) 
3.7- 6.6( 5.2) 
8.3( 8.3) 
8.3( 8.3) 
7.4( 7.4) 
5.3( 5.3) 
6.9-10.3( 8.6) 
8.6-10.7( 9.7) 
5.4- 8.5( 7.0) 
10.1-12.2(11.2) 
21.4-21.6(21.5) 


19.6-23.1(21.4) 


1.8- 2.1( 2.0) 


female & young 
2 
19.7-54.1 
18.2-29.9 (24.1) 
12.2-22.8(17.5) 
5.3-11.7( 8.5) 
48.2 (48.2) 
23.7-35.0(29.4) 
26.0-43.7(34.9) 
5.7-11.2( 8.5) 
7.5-13.2(10.4) 
7.4-14.7(11.1) 
4.1- 8.6( 6.4) 
10.2(10.2) 
9.6( 9.6) 
8.1( 8.1) 
4.1( 4.1) 
6.3-10.2( 8.3) 
8.3-10.2( 9.3) 
7.9- 8.6( 8.3) 
9.6-10.7 (10.2) 
20.8-22.3 (21.6) 


18.3-34.5 (26.4) 


0.8( 0.8) 
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true of the unpaired fins in other species and genera. Thus, secondary sexual di- 
morphism in the unpaired fins is necessary for the maintenance of populations of 
species in the animal community. If the types of secondary sexual dimorphism 
listed above did not vary so widely, they could be used as features of the phylogeny of 
callionymids. 


Summary 


1. A new classification for Callionymidae which includes 19 genera and 139 
valid species is proposed. Callionymus, Foetorepus, Paracallionymus, Diplogrammus, Syn- 
chiropus, Orbonymus, Dactylopus, Calliurichthys, Repomucenus, Spinicapitichthys, Anaora and 
Eleutherochir are redefined; Bathycallionymus, Eocallionymus, Neosynchiropus, Pterosynchi- 
ropus, Minysynchiropus, Paradiplogrammus and Pseudocalliurichthys are established as new. 

2. There are 7 pattern types for the cephalic lateral line, and 5 types for the 
lateral line on the body. Neither line can be used to determine phylogenetic rela- 
tionships among the genera; but in some genera, the pattern of the lateral line are 
a diagnostic character. 

3. Dragonets vary in mature size from very small (20 mm in standard length) 
to large (200 mm). 

4. The body form of the callionymid genera vary from almost conical to strongly 
depressed. Pierosynchiropus has the deepest body and Repomucenus has the most de- 
pressed body. 

5. The callionymid show a variety of color patterns on their bodies. Marbled 
sepia-brown color which most genera have is the most primitive, and marbled brown 
color like the surface of a sandy bottom which Repomucenus and Pseudocalliurichthys 
have is the most adaptive to benthic life. 

6. In most callionymid species, the mature male has conspicuous secondary 
sexual characters. In some genera the secondary sexual character shows on the 
first dorsal fin, but it may be manifested in the second and anal fins, or in some cases 
in the caudal fin. 
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